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Fishing effort for herring and shad has been stable for the 
past three years in the lower Chesapeake Bay and tributaries. River 
herring catch in 1972 was slightly above the 1971 landings but con-
tinued to be very low. 
River herring landings in U.S. waters have declined as the 
c.atch has been increased by non-nationals. The catch per unit of 
effort has decreased from 122.5 in 1965 to 30.3 in 1972 in Virginia 
waters. Total mortality rates for river herring were without signi-
ficant trend from 1965-1971. 
Twice as much towing effort was expended in 1972 as in other 
years. The abundance of juvenile alosids was much lower in 1972 
than former years. The James once again led all rivers in alosid 
production. 
Primary production rates, chlorophyll and carbon concentrations 
were directly related to each other in the study area. The upper 
tidal James River is a light-limited rather than a nutrient-limited 
system. 
Abundance and growth of juvenile blueback herring are directly 
related to zooplankton density. 
White perch, hogchokers, and three species of catfish comprise 
the major portion of the fish biomass in.Virginia estuaries and are 
J:)robably dominant predators on alosid eggs, larvae, and to a lesser 
extent, juveniles. 
I , _. ··-.. , 
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Job 1, CATCH PER UNIT EFFORT · 
The number of pound nets operating (Table 1.1) has been stable 
over the last three years (Fig. 1.1). Aerial flights are made 
biweekly during the shad and herring season to count pound nets that 
are actively fishing in Virginia waters and the Potomac River. In 
most areas the numbers of nets increased through March, reaching the 
maximum in April to early May, then rapidly declined. The number of 
stake gill nets operating (Table 1.2) has also been reasonably stable 
over the last two years. 
The preliminary estimate by the National Marine Fisheries Service 
of river herring caught in Virginia for 1972 is 11. 3 million pounds 
(W. N. Kelly, personal communication), about 1 million pounds above 
the 1971 catch of 10. 3 million pounds. This sma.11 increase is not 
particularly significant since the catch over the last couple of 
years has been at an all-time low. We still feel the river herring 
fishery in Virginia is being affected by the harvest on the high 
seas by foreign fishing vessels. 
Pound nets were not fished in the James ~ive~ during the spring 
of 1972, therefore we have no means of determining the numbers or 
·po'unds of shad or river herring taken in the James River system with 
this type of gear. However, stake gill. nets in the James River took 
an estimated 1,682,670 pounds of roe shad and 1,321,100 pounds of 
buck shad between March 7 and May l, 1972 ( Table 1. 3). In 1971 the 
estimated catch of roe shad was 1,718,401 pounds and buck shad 
243,059 pounds. The catch of -roe shad this year was s:imilar to last 
year's, but our estimated catch of buck shc1d was much greater. 
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In past ·yea rs most buck shad were discarded at the net due to poor 
market and price conditions. This year we were able to locate a 
fisherman on the James River who landed and recorded his catch of 
buck shad, therefore our estimated catch of buck shad was much 
greater and more accurate this year than in· previous years: The 
fishermen from whom we obtained records reported no hickory shad. 
Pound nets in the York River were not suitably positioned again 
this year to serve as indices of the run of shad or river herring. 
Stake gill nets in the York River caught an estimated 321,840 pounds 
of roe shad, 33,456 pounds of buck shad and 7,032 pounds of hickory 
shad (Table 1.4). In 1971 the catch of roe shad was 370,702 pounds, 
buck shad 64,188 and hickory shad 4;561 pounds. The catch of male 
American and hickory shad was undoubtedly much greater than the 
landing, but marl(et for these fish was so poor again this year that 
fish.ermen discarded most of them at the net. 
In· the Potomac River the catch of river herring declined from 
5,885,148 pounds in 1971 to 4,722,833 pounds in 1972 (Table 1.5). 
However, this year the catch of shad in the Potomac River increased 
from 354,376 pounds in 1971 to 420,986 pounds in 1972. The reported 
catch of buck shad was low because of poor market prices. 
Pound nets in the Rappahannock River above RA-10 caught an 
estimated 737 .,032 pounds of river herr'ing (441,426 pounds of alewife 
and 294,606 pounds of blueback herring) and an estimated 41,531 
pounds of shad from March 2 to May 25, 1972 (Table 1.6). In 1971 
the estimated catch of river herring was 874,753 (429,582 pounds of 
a1ewife. and 445,171 pounds of blueback herring) and an estimated 
57,757 pounds of shad. 
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The catch of shad in the Rappahannock River by stake gill nets 
from March 1 to May 3, 1972 was estimated at 104,807 pounds, of which 
only 36,904 pounds were males (Table 1.7). In 1971 the estimated 
catch of shad was 459,997 of which only 114,242 pounds were males. 
This drastic decrease in _catch of shad in 1972 is not explainable 
at this time. Stake gill nets also took an estimated 35,532 pounds 
of hickory shad in 1972. The estimated catch of hickory shad in 1971 
was 42,851 pounds . Again most ma le American and hickory shad were 
discarded at net due to poor market prices. 
. ---"" !· ( 
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Table 1.1. Number of Pound nets in Chesapeake Bay and tributaries, 
Spring, 1972 . 
N N N N N I'- N I'- N I'- N I'- N I'-I I'- I I'- I I'- I I'- I lO I I'- I en I co I 0 rl lO rl ti) r-l r-l rl N N Area I I I I I I I I I N ti) ti) tj- tj- U) U) lO lO 
James River 0 0 0 0 0 0 0 2 4 
York River 1 1 2 5 6 6 6 6 7 
Rappahannock River 3 37 50 52 54 54 31 20 10 
Potomac River 0 7 11 22 52 58 54 51 21 
Cape Henry to 
Willoughby Point 1 2 4 3 4 4 4 4 4 
Old Point to Tue 
Marsh Point 0 2 3 4 8 8 7 3 1 
Back River 0 5 6 7 7 7 7 6 6 
Poquoson River 0 1 2 2 2 2 2 2 0 
York Spit 0 0 0 3 4 4 4 4 4 
Mobjack Bay 0 0 1 3 2 3 2 3 3 
New Point to 
Stingray Point 6 10 14 22 26 24 24 24 17 
Pianka tank River 0 3 3 4 4 4 4 4 0 
Windmill Point to 
Smith Point 9 13 18 26 31 31 30 25 12 
Great Wicomico River 0 0 0 0 l 2 3 3 3 
Eastern Shore - N. of 
Hungar Creek 0 0 0 l l 2 2 l l 
Eastern Shore - S . . of 
Hung a r Creek 2 3 3 3 8 15 18 20 20 
Total 22 84 117 157 210 224 198 178 11.13 
Table 1.2. Number of stake gill nets fishing in Virginia river 
systems 1972 and catch of American and hickory.shad 
















ROe Buck Hickory Roe Buck Hickorr ---
York 3,401 589 42 3,353 349 71 
James 17,358 2,455 16,997 13,345 
Rappahannock 3,528 1,166 436 596 324 312 
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I Table 1. 3. Catch ( in pounds) by stake gill nets in the James River, 
1972. 
Date Roe Shad Buck Shad 
March 7 924 31,900 
8 1,650 73,150 
9 
10 1,254 22,550 
11 
.12 
13 1,980 36,300 
14 
15 5,445 13,200 
16 4,521 15,400 
17 4,389 22,000 
18 12,540 33,000 
19 6,930 52,800 
20 14,553 83,050 
21 14,784 84,150 
22 
23 
24 18,546 57,750 
25 16,830 33,550 
26 8,877 66,000 
27 9,900 23,100 
28 24,618 11,550 
29 29,535 104,500 
30 31,416 98,450 
31 44,880 36,300 
April 1 60,390 44,550 
2 65,208 9,900 
3 35,640 9,350 
4 41,745 22,000 
·5 56,760 74,250 
6 34,452 31,350 
7 39,732 25,850 
8 66,000 17,050 
9 52,800 40,150 
10 42,900 39,600 
11.. 64,416 48,9.50 
12 85,800 11,550 
13 74,481 2,750 
14 87,516 3,300 
15 85,800 12,650 
16 94,215 7,150 
17 84,942 12,100 
18 36,300 2,750 
. \ 19 39,600 3,850 
20 37,950 1,650 
1-7 
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Table 1.3. James River (continued). 
Date Roe Shad . Buck Shad 
April 21 34,650 1,100 









May 1 18,744 
Total 1,682,670 1,321,100 
1-8 
Table 1. 4. Catch ( in pounds) by stake gill nets in the York River, 1972. 
J . "; 
Roe Buck Hickory 
Date Shad Shad Shad 
March 7 624 456 
8 
9 1,440 3,024 
10 528 
11 960 168 48 
12 696 312 · 
13 1,512 1,320 48 
14 1,632 2,136 
15 3,120 1,536 
16 2,424 2,640 
17 4,944 2,976 
18 5,376 4,560 72 
19 3,192 3,696 
20 7,200 6,960 48 
21 6,456 2,328 120 
22 7,656 72 
23 6,648 144 
24 7,488 1,344 360 
25 6,144 360 
26 7,200 120 
27 6,360 336 
28 8,352 144 
29 9,312 216 
30 10,104 48 
31 9,984 120 
April 1 14,232 144 
2 6,432 144 
3 9,024 48 
4 9,912 72 
5 12,600 216 
6 6,240. 336 
7 10,248 480 
8 10,032 408 
9 5,232 3.50 
10 
11 6,024 144 
12 18,552 336 
13 15,240 192 
14 10,320 48 
15 12,960 120 
16 10,512 72 
17 10,248 216 
18 8,664 144 
19 8,736 144 
20 4,440 264 
21 4,488 216 
22 
~- -· .• "' 
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Table 1.4. (Continued). 
Date Roe Buck Hickory 
Shad Shad Shad 
April 23 1,488 360 
24 2,760 192 
25 3,024 120 
26 1,080 
Total 321,840 33,456 7,032 
' { 
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Table 1. 5. Total Alosa catch and catch per unit of effort (in pounds) 
by month in the Potomac River, 1972. 
Catch per Unit Catch per Unit 
Month Roe Shad of Effort Buck Shad of Effort 
--------
March 8,551 777 9,288 844 
April 220,594 4,242 40,388 777 
M~y 129,271 2,308 9,462 169 · 
June _ _lt.419 39 .s,_Q.13 56 
Total 359,835 61,151 
Combined Total 420,986 
Herring 
Catch per unit Catch per Unit 
Month Alewife of Effort Bluebacks of Effort 
March 70,186 6,381 46,790 4,254 
April 893,116 17,175 673,754 12,957 
May 572,678 10,226 1,718,036 30,679 
June 82,310 2,286 665,963 18,499 
Total . l&lB,290 3, 10~54~ 
Combined Total 4,722,833 
"l 
Table 1.6. Catch by pound nets (in pounds) in the upper Rappahannock River, 1972 . .,_ 
Shad 
Roe Buck 
Ave. No. of No. Days Ave. Catch Estimated 
CPE2 
Ave. Catch Estimated 
Date Nets Fished Index Nets Total Catch Index Nets Total Catch 
March 31 7 3.1 673 22 6.6 1;432 
2-15 
March 36 7 16. 5 4: 158 116 14.8 3,730 
16-31 
April 38 5 40.7 7,733 204 22.0 4,180 
1-15 
Apr·il 38 9 28.6 9,781 257 12.5 4,275 
16-30 
May 30 6 22.7 4,086 136 1.3 234 
1-15 
May 17 7 9.8 1,166 69 0.7 83 
16-25 
Total 27,597 13,934 
1only nets ben~een RA-10 and RA-55 were sampled to represent fish assumed to spawn in the 
Rappahannock River System. 
2catch per unit of effort. 












Table 1.6. (Continued). 
Ave. No. of No. Days Ave. Catch Estimated 
Date Nets Fished Index Nets Total Catch --
March 
2-15 31 7 418 90, 706 
March 
16-31 36 7 735 185,220 
April 
1-15 38 5 50 9,500 
April 
16-30 38 9 888 .303,696 
.May 
1-15 . 30 6 598 107,640 
May 

































Table 1. 7. Catch (in pounds) by stake gill nets in the 
Rappahannock River, 1972. 
Date Roe Shad Buck Shad 
March 1 56 
2 
3 
4 56 112 
5 
6 195 336 
7 84 560 
8 84 476 





14 56 140 






21 364 812 
22, 252 868 






29 392 560 
30 616 784 
31 420 
April 1 588 
2 
3 392 
4 476 1,036 
5 532 476 
6 1,456 1,344 
7 1,176 1,260 
8 











Table 1.7. (Continued). 
Date Roe Shad Buck Shad Hickory Shad 
April 10 224 700 2,240 
11 2,044 1, 2.32 980 
12 1,036 1,204 2,688 
13 2,744 1,204 504 
14 1,624 980 1,736 
15 4,312 2,016 1,792 
16 
17 3,920 1,960 3,640 
18 3,640 1,120 1,680 
19 2,744 868 4,396 
20 4,984 1,400 980 
21 3,948 1,064 2,604 
22 1,624 588 1,400 
23 7,588 1,120 1,176 
24 3,332 560 840 
25 1,736 224 1,652 
25 4,816 1,232 756 
27 2,884 364 952 
28 
29 5,712 952 224 
30 
May 1 1,095 504 252 
2 1,008 168 
3 168 84 
Total 67,903 36,904 35,532 
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Figure 1.1. Number of· pound nets . in lower Chesapeake Ba y and its 
tributaries., 1970-7~. 
Job 2. MORTALITY RATES AND POPULATION SIZE 
The river herring fishery catches alewife (Alosa pseudoharengus) 
and blueback (~losa aestivalis) indiscriminately and they are not 
normally separated in the catch. The river herring fishery on the 
high seas exploits maturing adults that normally would run to fresh 
water for spawning and capture by U.S. fishermen within the coastal 
estuaries. The extent to which immature fish are exploited at sea 
is not known. The adults that survive the run return to the ocean 
for another year of growth and exploitation by oceanic fisheries in 
the Western North Atlantic. Distribution of the various stocks at 
sea is unknown. 
Young river herring hatch and live their first half-year in fresh 
water of the major estuaries. Each fall th~y descend the rivers and 
make their way to the Atlantic joining other river stocks enroute. 
Between 4 and 6 years later they return for spawning. The spring run 
has historically been an important economic stimulus to the estuarine 
fishermen after a winter of unavailability of any important species. 
While not the most valuable, the river herring have contributed more 
pounds per year to these fishermen than any species except menhaden. 
From the Chesapeake Bay average of 10,368 metric tons (MT) per 
year, the catch dropped to 6,827 MT in 1970, 4,666 MT in 1971 and 
5,069 in 1972 (Figure 2.1). The North Carolina catch held near 
7,519 MT from 1966 to 1969 but fell to 5,350 MT in 197 0-72 (Table 2 .1). 
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The offshore fishery began taking large quantities of river herring 
in 1969 and continued in 1970 and 1971. The U.S.S.R. agreed to limit 
its 1971 catch to 4,000 MT, and did. East Germany took 5,794 MT in 
1971 and Poland took 815 MT. The combined foreign catch in 1971 was 
9,419 MT, nearly as high as the U.S.S.R. catch of 10,380 MT in 1969 
(Figure 2 .2). Thus it appears that river herring were heavily 
exploited at sea in. 1970 and 1971 despite the reduction in catch by 
the u.s.s.R. 
The very low U.S. catch of river herring "for three consecutive 
years (1970-72) and the declining catch per unit effort indicate 
clearly that availability of fish inshore has been severely reduced. 
The reduced catch represents a loss of approximately 9,000 MT per 
year. The offshore catch of 8,000 to 11,000 metric tons, or 17-24 
million pounds, probably accounts for this large loss to American 
fishermen. 
The largest catch of river herring was in 1969 when 35,300 MT 
(77 .2 million pounds) were caught by the domes.tic inshore fishery 
(69% of the total) and offshore fishery (31% of the total). The 
total catch in 1969 was 48% above the 1966-69 average United States 
catch of 22,770 metric tons. TI1e steady river herring yield for 
1966-69 represented a United States fishery operating near die maxi-
mum sus ta inab le yield. In such a fishery, severa 1 percentage points 
additional exploitation can usually be tolerated, but when 20-50% 
more fish are taken the fishery rapidly declines as shown conclusively 
by W. Ricker in severa 1 important papers. The increased off shore 
L . • , 
2-3 
exploitation since 1967 has resulted in the mature fish being captured 
off shore in spring as they congregate for the spawning run to Chesa-
peake Bay. The overall total yield in 1970 and 1971 by all countries 
was very close to the long term average U. S. catch (Table 2.1). 
Mortality rate of spawning classes has·been determined for 1965-
1971 by age analysis of spawning adults and by catch per unit of 
effort estimates in the Potomac and Rappahannock rivers. From the 
CPE estimates a particular spawning class can be followed to extinc-
tion (Table 2.2 and Fig. 2.3). First and second year mortality (af t er 
recruibnent) displayed no trend in 1965-1971 (Table 2.3). Total mortality 
for all ages rose steadily from 1965-1968, dropped to 39.7% in 1969, 
then rose again to 87.1% in 1970. The 1971 spawning run and the CPE 
in Virginia was the lowest on record (Table 2. 2). This may be the 
result of excessive mort&lity offshore in 1970. A puzz ling aspec t 
is 1.969 which had tremendous removals but lowest yearly mortality · 
since 1965. We suspect recruitment was abnormally high beeause of 
extremely successful year classes, and this allowed high catches 
inshore and offshore. Mortality showed no trend with age up to the 
third spawning. 
It seems the river herring population between 1968 and 1971 was 
not overexploited, but the gain by non-nationals has been the loss 
to United States fishermen. Since the river herring spawn inshore, 
it is the spawning run which should be maximized and the tota 1 yield 
may be a poor guide to stock potential. 
~-----·. --- ---- --- - -· -- . 
~. . 
...•. .., 
. - . 
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At this time we are not able to describe the parent-progeny 
relationship for the Chesapeake Bay river herring. The extent to 
which the fishery at sea has influenced reproduction will not become 
apparent until 1973. In the meantime the judicious approach is to 
be wary of overfishing. The 1972 year class of river herring was 
lower in Virginia than the 1970 and 1971 year classes. This indicates 
the recruitment to the adult population will further decline in 
1976-78 and is reason to protect the stock in these years from over-
fishing. With the decline in effort by Virginia pound net fishermen 
since 1965 (Fig. 2.4), the river herring stocks could continue to 
sustain a profitable fishery if the offshore fishery did _not decimate 
the recruiting members. 
Recruitment of first time spawners in 1971 was lower than the 
previous six years except 1966 (Fig. 2.5). The relative low abundanc e 
of virgins was not due to nurnerical disparity because of strong 1970 
recruil111ent of virgin fish returning in 1971. 'The average age of the 
1971 river herring run in the Potomac and Rapp~hannock rivers was 
4.72 years, indicating the majority of the run.was hatched in 1966. 
The 1966 recruitment of virgin fish was only 43. 7% of the total run, 
the lowest on record. Such a circumstance must lead to low spawning 
stocks because most of the Virginia catch is taken before spawning. 
So despi"te a good 1966 tota 1 U. S. catch, a poor yea r class could 
have been produced from the relatively weak virgin recruitment . 
···, -> 
Table 2.1.Catch of river herring (alewife and blueback) in ICNAF,subarea 6, Atlantic Ocean, 
by various countries. Catch is in metric tons, round weightl. 
INSHORE OFFSHORE 
North Total East Total · Total All 
Virginia Carolina U.S.A. u.s.s.R. Germany Bulgaria Poland Foreign Countries 
19662 13,182 5 , 680 21,178 21,178 
1967 12 , 776 8,387 22,201 981 981 23,182 
1968 14,663 7 , ·044 23,649 1,075 126 0 ·1, 201 · 24,850 
1969 13,814 8,966 24,352 10,380 570 10,950 35,302 
1970 6,827 5,227 14,888 5,.954 746 6,700 21,588 
1971 4,666 5,745 11 , 799 2,275 5,794 526 819 9,419 21,213 
1972 5,069 5,079 • • 
1966-69 
Average 
14 , 108_ · 7 , 519 22,770 
1970-72 
Average 5,520 5,350 9,023 
1966-71 
Av erage 24,552 
1on e metric to~= 2204.6 lbs . 





· Table 2 .2. Estimates of river herring spawning run in the ·Potomac and Rappahannock 
rivers combined. Units are thousands of fish and CPE is catch/net/season. 
Year, Total Spawning Checks No. of 
Number, CPE 0 1 2 3 4 5 6 Total . Pound Nets 
1965 17,890 4.,258 2 , 018 973 333 0 0 25,472 146 
CPE 122.5 ·29 :2 . 13 .8 · 6.6 2.3 0 0 
1966 11,826. 7.,915 5., 573 1.,277 495 0 0 27.,086 139 
CPE 85.l 56 .9 20.6 . 9. 2 3.6 0 0 
1967 15 ., 603 3,964 2 , 574 594 321 34 23 23,113 127 
CPE 122.9 31. 2 20.3 4.7 2.5 - 0.2 
1968 12,238 3, 9.27 . 2.,759 951 204 65 3 20.,147 133 
CPE 92.0 29.5 20.7 7.2 1.5 0.5 
1969 7.,336 2,2 43 886 455 38 4 0 10,962 119 
CPE 61.6 18.9 7.5 3.8 . 0.4 - 0 
1970 10,655 2.754 1 , 593 613 362 14 0 15, 9'91 97 
CPE 109.8 · 28 .4 16 .4 6. 3 3.7 0.2 0 
1971 2,998 · ·l , 470 506 72 22 0 0 5,068 · 99 




Table 2. 3. Mortality estimates of the river herring stock of 
the Potomac and Rappahannock rivers, Virginia, in 
percent per year by spawning class1 . 
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Spawning BeD'.Jeen spawning 





all ages combined 
1965 54.1 64.5 64. 7 95.5 56.2 100.0 
1966 63,9 33,5 83.6 2.6 100.0 
1967 76.1 74.8 15.2 96.5 
1968 80.3 13.0 95.6 
1969 53.7 83.1 
1970 86.5 ' 
1971 
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Figure 2.1. Fishing effort and catch rate in the river 
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Figure 2.2. Landings of river herring in Virginia (lower Chesapeake Bay and 





Figure 2.3. Yearly catch per unit of effort values for the river 
herring in Virginia plotted ·by decline in numbers 
of each spawning class as it moves through the 
fishery. The slopes of the lines indicate the 
total mortality within a year by the entire popula-
tion in all localities. In panel B the lines are 
plotted from a common origin to better facilitate 
comparison of the slopes. 
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Fig. · 2.4, Fishing effort and catch rate in the river herring 
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Job 3. POPULATION PARAMETERS OF JUVENILE .ALOSIDS 
I. Evaluation of Nets and Vessels used to Sample Juvenile Alosids 
The late summer survey of nursery areas has provided data on 
juvenile abundance of blueback) alewi~eJ American shad and hickory 
shad. It was realized early that the juveniles occupy river areas 
beyond the mainstream normally navigated by the . R/V Langley. In 1970 
and again in 1971 the R/V Brooks trawled the shoal areas of the major 
rivers while the R/V Langley trawled the mainstream. Each vessel made 
tows at one-mile intervals within the nursery areas. All tows were 
five minutes long but the Brooks used a SxS ft Cobb trawl and the 
Langley a lOxlO ft Cobb trawl. Both nets had 1/411 bar mesh liners 
and a 11 tows at one-mile intervals were at the surface. The purpose 
of 'the duplicate trawling was to discover if the relative and absolute 
numbers of the different species were different depending on water 
depth. A second purpose was to discover what vessel and gear showed 
the least va riabi li ty in catches of young herring while providing 
the most convenient and economical platform. 
In order to compare catches in two different nets one must 
equate the fishing power which is based on size of netJ design) 
method of use and towing vessel. The simplest test would be for 
a singl~ vessel to tow different nets identical in all respects 
except size. TI1ese nets should be scaled proportionately as regards 
bridle length and cone taper to determine effect of gape on fish 
catch. Without such information several assumptions have to be made 
3-2 
and effective fishing gape calculated from ppysical considerations of 
design. We know that the lOxlO ft Cobb does not fish with a 10 ft 
vertical gape nor the 5x5 Cobb with a 5 ft gape. Physical considera-
tions of flow and size of components indicate the lOxlO ft Cobb should 
strain 3. 4 times as much water as the. 5x5 ft Cobb. 
The average catch per tow for the two vessels showed wide disparity 
in some rivers in some years and good agreement in others. The adjusted 
Brooks data disagreed seriously with the Langley in the James for 1970 
but was practically identical with the Langley for the 1971 James 
data. For 1970 the. Brooks (adjusted) averaged fewer alosids in the 
York but greater in 1971. In the Rappahannock the Brooks caught more 
(adjusted) than the Langley in 1970 but fewer in 1971. Only 1971 is 
available for comparison for the Potomac but then the Langley sampled 
in mid-November and.the Brooks in mid-October. Since the Langley 
only caught 194 juvenile alosids in 1971 in the Potomac compared to 
11,166 in 1970 these data probably mean the juveniles had migrated 
out. 
In practically ·every case when the Brooks .reflected fewer (or 
more) blueback it also reflected fewer (or more) alewife and shad 
over the shoal water. The species thus seem mixed across the river 
surface (se~ section on relative abundance). 
The average CPE·must be the working data which is carried from 
year to year for the establishment of a long-term base. If the average 
CPE 1 s of the l-wo vessels had been different by a "constant" ratio and 





' variance was similar; then either vessel could be used alone for 
the estimation of juvenile abundance. In 1970 and 1971 at least 
only the last two criteria were met which means the average CPE has 
to be combined for the most accurate abundance estimate. 
The coefficients of variation for the CPE's of the two vessels 
were almost identical. The average V was 236.5, 198.4 and 177.7 
3-3 
for the blueback, alewife and shad caught by the Langley and 234 .1, 
202.3 and 164.6 for these species caught by the Brooks. This indicates 
there is no sampling efficiency gained by using either particular 
vessel or net. For .both vessels the variation in catches was higher 
than normal acceptable limits. The only way to reduce this variation 
would be by sampling a more homogeneo~s population (if existent) or 
by increasing the replicates within the nursery area. The 30 surface 
tows considered here. should have standard deviations at least equal 
to or less than the mean CPE, i.e., V must f 100"/a , which it did only 
for blueback on the James in 1970. 
The abundance of the three species relative to each other was not 
markedly different over shoal water or in mainstream. In the James 
the Langley caught 89% biueback in 1970 and the Brooks caught 95%. In 
1971 the Langley captured 98% blueback and the Brooks 97%. The difference 
in blueback catches was greatest in the York ( 10-12%) but in the other 
rivers the difference was slight in every year (Table 3.1). Collective ly 
these data provide convincing evidence that the· re lc1 tive abundance 
of the three alosid species is fairly unifonn over t he river surface 
and the water depth at the station is unimportant. Even for alewife, 
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which accounted for the widest relative difference between shoal 
samples and mainstream, there was no trend in any river for the two 
years. On the .James the two-fold percentage variation in alewife 
in 1970 (9% compared to 4% on the shoals) was reversed in 1971 (1.4% 
compared to 2.9"/o). On the York the same was evident because 6% of 
the total in 1970 were alewife (mainstream) but the Brooks showed 12% 
of the total were alewife. In 1971, however, the percentages were 
7.8% alewife from mainstream and 1.2% alewife from shallow stations. 
More frequent sampling (more replicates) probably would have converged 
the estimates in every year. 
Tpe total number of juvenile alosids captured by the .two vessels 
(with identica 1 effort) varied widely depending on river and year 
sampled. The ratio of Langley catch to Brooks catch varied between 
O. 316 and 9. 887, hmvever the average ratio for a 11 rivers and a 11 
years was 3.28 which is remarkably close· to the 3.4 calculated ratio 
based on net size only. The York in 1971 produced the 0.316 and 
seems too far off to be real ( 1/lOth the expected). The Rappahannock 
1971 ratio of 9.887 was well above expected (3 times) but the Langley 
total catch of 3945 was only 832 below the number caught in 1970. 
T0u~ it appears the Langley may have simply missed most of the young 
in the Pamunkey in 1971 but the Rappahannock data probably reflects 
the 1971 situation accurately. Also, the second highest ratio of 
3. 472 was found in the Rappahannock. in 1970 which lends further 
credence to the 9.887 found in 1971. The average ratio excluding the 
1971 York and Potomac data was 3. 87. 
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The efficiency ratio of 3.28 or 3.87 indicates that the lOxlO 
ft Cobb and 5x5 ft Cobb trawls were fishing the populations of young 
alosids proportionate to size of net and thus either net could serve 
as the standard gear. Individual rivers are more difficult to inter-
pret but with longer term data, the ratios would probably stabilize 
with a mean near 3.5 as indicated by the pooled data. 
The conclusions in this section were determined in mid-year ·and 
incorporated into the 1972 juvenile survey. The applicability of 
using a single net size was confirmed by the 1972 results and the 
towing effort was. essentially doubled. The next section utilizes 
the results of this section to adjust Langley data for 1970 and 1971 




II. Relative Abundance of Juvenile Alosids. 
Standardization of Methods and Analysis 
Last year's annual report, Job 3, demonstreated the extreme variance 
found in the catches of juvenile alosids in the Virginia nursery areas. 
The data required reduction because of unequal cell size and computer 
inaqequacies. Hence it was decided that before complex statistical 
analysis was attempted on further data, the variance component had to 
be reduced. 
Based on conclusions from Job 3, Part I, which was completed in 
mid-year, the 1972 survey was designed with a single gear, the SxS ft 
Cobb trawl. The . R/V Langley trawled in deep water and the R/V Brooks 
trawled over the shoals. The most productive 30--40 mile stretch of 
the nursery zones was selected for intensive sampling by the vessels. 
Each vessel took 60 or more tows of five ( 5) minutes each, with the 
5x5 Cobb at the surface ( actually the top t-wo meters). From previous 
work (Davis, Merriner and Hogman, 1971) we know that the majority of 
young alosids are found within the upper two meters, and therefore we 
have discontinued mid-water trawling with the Cobb trawl. 
The sampling stations were distributed a long the nursery zones in 
a semi-random manner. The R/V Langley sampled over deeper water by 
making one tow every mile while steaming up the rivers, then another tow 
every mile while running down. These sampling efforts were usually 
one or more days apart. The R/V Brooks with its shallow draft, worked 
the shoal areas on both sides of the mainstream. No specific stations 
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I' were selected and the chief scientist merely scrambled the tow locations 
r 
I 
along both sides of the river. A randomized sampling plan with grids 
and nLUT1ber selection proved impractical except for several limited 
areas in the James where the shoals were large. The e~tire program 
in 1972 allowed us to double usable information on the abundance of 
juvenile blueback, alewife and shad in the nursery areas (Table 3.2). 
The gear standardization and simplified sampling plan has stream-
lined the estimation of year class strength. Comparison with former 
years can be made by adjustment of previous data rather than adjust-
ment of n~N data to 1970 and 1971 units. From Part I the average 
conversion factor .is ~ to convert lOxlO ft Cobb CPE to 5x5 ft Cobb 
CPE. The adjusted yearly CPE 1 s are given in 'Table 3.2 and the average 
of the two vessels in Table 3.3. The estimates in Table 3.3 are 
considered the final estimqtes of year class strength for these years. 
Subsequent years will be . compared directly ·to these numbers unless 
some change is made in gear, tow time, or area trawled. 
The unit of effort is therefore defined as a five (5) minute 
surf ace tow with the 5x5 ft Cobb trawl within the nursery area indicated. 
The tows are made during daylight hours without regard to tidal flow 
or weather. Tow speed depends on several factors but is that speed 
that just allows the net to remain submerged yet fully extended by 
water pressure. This speed is approximately 1.5 to 2 kt. Whatever 
the direction ·of tow relative to tidal flow; the same quantity of 
water-is strained in five minutes and since the young alosids are 
pelagic and also following the flow, the catch rates are comparable. 
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The survey begins the latter half of August and is complete by 
the end·of September, before the young alosids migrate to sea. A 
single tow means little, but we are confident the 124-165 tows/river 
average out the noise and provide a reliable index to relative abun-
dance of the different species in the various·rivers. Each river 
takes 5-8 days to sample and temporary daily difference in catch rates 
are probably averaged out. 
The most perplexing sampling problem has been how to determine 
the nursery zone boundaries for summary of trawl data into a yearly 
index. The same year class strength spread over the river length in 
a different manner can skew the frequency distribution of catch and 
bias the variance. Also, the freshwater interface changes 2-10 miles 
in different years and the young are often found in some years where 
absent in others. The your1g become abundant where the surface salinity 
is less than 1. 0 ppt as the river length is sampled from mouth to head. 
Wi_th 1970 and 1971 to provide guidelines, the 1972 sampling program was 
designed to concentrate trawl effort within the nursery zones. This 
third year did not yield young alosids in the lower. reaches of the 
nursery zones where they have been found in previous·years. None were 
captured between mile 40-49 in the Rappahannock, 60-67 in the Potomac 
and 30-36 in the Pamunkey (York). The inclusion of these zero values 
to the average CPE has merit compared to previous years but may be 
merely a temporary distribution not !'elated to its impact on the average 
CPE. The river ar·eas (or stations) with no catches must be included 
in the average if these areas are determined capable of sustaining 
youGg alosids, however. 
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From'the distribution of all three species by river mile from 
three years, the nursery zones given in Table 3.2 have been selected 
as providing the most reliable data set. All data sets have been 
·recomputed to derive a yearly CPE based on these zones. This, with 
the adjustment of 1969-71 data to 5x5 ft Cobb- equivalents should 
explain numerical difference for the CPE, variance and totals given 
in previous reports. 
1972 Relative Abundance 
The abundance of young alosids in 1972 was much lower overall in 
the James and York Rivers, above average in the Rappahannock and below 
average in the Potomac. The James and York were approximately 8~/o 
below 1971 levels and the Rappahannock was approximately three times 
above previous years. Bl~eback, alewife and shad were equally affected 
in every river. For the third year, very few young shad were produ~ed 
in the Rappahannock or Potomac (Table 3. 3), yet the production of 
blueback has been sustained. These latter rivers are dissimilar in 
many ways with the Rappahannock by far the clearest and the Potomac 
the most turbid. The James, an enriched, highly turbid river, continues 
to produce the highest numbers of a 11 species, including American. shad. 
In every year it has led the other rivers by a factor of 3-30. 
Hurricane Agnes flooded and flushed both the James and Rappahannock 
in June 1972.yet these rivers showed opposite indices of year class 
strength (Table 3,3). The York was less severely affected by the 
flooding, yet it produced fewer young than in previous years. Larvae 
were collected from the Rappahannock during the flood as they were 
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being swept out to Chesapeake Bay in tremendous numbers (millions 
per hour). These larvae were mostly gobies but the food organisms 
swept out were mainly from the nursery zones. Despite the flushing 
by floodwater, the Rappahannock had the largest year class in 1972 
that it has produced since we started.sampling in 1970. Further 
analysis of plankton and larvae collections may provide clues for 
the apparent paradox. 
We are not yet ready to discover long term trends or river differ-
ences with precision. The three years of data indicate the James River 
has the best condit~ons for production of blueback, alewife and shad. 
Of the three years, 1970 appears to have been the most successful 
year class of the three in every river except the Rappahannock. The 
York continues to be a good shad river with the Mattaponi bra.nch the 
most productive of juveniles in every year. The grand average alosid 
index for all rivers combined was 14.1 in 1970, 6.5 in 1971 and 5.3 
in 1972. This may be gross but does indicate a definite three-year 
decline in production of alosid young on a state basis. Since 1970 
the adult alosid catch has plummeted to 10 mill~on pounds per year 
compared to 30 :nil lion pound.s in previous years. The reduced spawning 
run may be contributing to the low production of young, but we are 
unable to de·termine this at this time. 
The catch of adults by species does not seem to correlate well 
with the observed ratio of the young in the experimental catches. 
Blueback have always made up the vast majority of the late summer catch. 
The percentages are variable but average near 92% over all years in 
all rivers (Table 3.4). Catches over deep water are the same as catches 
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over shallow water. The uneven species composition is not unusual, 
however, because in 1951 and 1952 Massmann (1953) was catching 81-91% 
blueback in the James, 61-90"/o in the York, and 83-88% in the Rappa-
hannock using trawls and beach seines. By Septe~ber blueback made 
up 92-96% of all alosids captured in the Potomac in 1968 (Warinner, 
Miller and Davis, 1969). In early summer alewife and shad are more 
prevalent, but as blueback recruit to the juvenile population th~ 
species ratios show extreme predominance of blueback. Alewife and 
shad may begin to migrate before blueback so the species ratio 
measured in August and September may not be indicative of the adult 
population. 
As we accumulate several additional years of year class measure-
ments, species ratios, and spawning run magnitude we can couple 
fecundity measures to our poundage estimates of the spawning run and 






III. Distribution and Relative Abundance of Juvenile Alosids 
in the James River. 
For three consecutive years the mainstrea~ distribution of the 
young blueback, alewife and American shad have been determined by 
towing a lOxlO ft Cobb trawl at. the surf ace and midwa ter every fifth 
mile in the James River. This sampling scheme was related to the 
others described under Part II but is presented separately here to 
provide details of distribution which include mid-water catches and 
five-mile stations. In every year (1969-71) the same gear and vessel 
was used so there was no need . to adjust these years to 1972 data taken 
with a smaller net. The essentials of abundance and yearly indices 
were presented in Part II. These figures are further interpretations 
of the factorial analysis for the James presented in last year's 
report and the results helped determine our J,972 sampling scheme . 
In every year blueback were captured in greater nunbers at all 
stations than the other two species (Fig. 3.1). The greatest differ-
ence was in 1970 if the curves are integrated horizontally. In years 
of high abundance the distribution was more spread and real averages 
of -catch per unit of effort probably should include a log transf arm 
of the catch data. In every year the abundance rose rapidly as the 
salt water-fresh water interface was passed between mile 25 and mile 






The yearly differences between a single species were not pronounced 
and insignificant at the 5% level (Fig. 3.2). The most abundant in 
every year was blueback followed by alewife then shad. The distribu-
tion of each species was the same in every year. Samples from shallow 
water, not shown here, indi_cated the same _pattern and were combined 
with the ma ins tream data in Pa rt ·rr . 
The three-year distribution of each species averaged by station 
with a moving average of order three is shown in Figure 3. 3. All 
species thus seem normally distributed along the river length betwe·en 
the 1.0 ppt isohaline and Richmond. Blueback were found in greatest 
concentrations approximately 10-15 miles further downriver than alewife 
or shad. The pronounced drop in abundance between Hopewell (mile 65) 
and Richmond (mile 84) indicate a river conditioh unsuitable for juvenile 
alosids. The reasons for this prohibitive zone are unclear and not 
finalized but probably due to the high turbidity and high organic 
content of the water below Richmond. 
The most important section of the river cannot be inferred from 
Figure 3.3 because it only shows the distribution and not absolute 
quantity of young alosids produced. With vol~ne measurement based 
on river width, we will be able to define the most productive miles 
of the river overall. Initial estimates indicate the section from 
35 to 50 is ~ore beneficial to total produ~tion than from 55 to 70. 
The oxbows contribute many young alosids to the James syste.11 and these 
have not bee~ included here. 
Within several years the entire system can be 1\:1.nked according 
to the production of young a losids, and management options can be 
evaluated in relation to the beneficial or detrimental aspects of 
proposed environmental changes. 
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Table 3 .1. Comparison of juvenile alosid catches for the R/V Brooks with a 5x5 ft Cobb trawl and the R/V Langley with a lOxlO ft Cobb trawl. 
All tows made at surface at one-mile intervals ~ith Brooks over shoal water and Langley in mainstream. 
No. of Date 






1971 LA 35-64 







1971 Lij 30-50 
1971 BR 30-50 
BR. Adjusted 
Rapp. 1970 LA 45-69 
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55 180.3 88 
194 283.6 98 
659 
158 467.7 99 
53 345.5 97 
182 
10/28-11/4 126 391.2 96 
9/20-22 13 344.1 95 
43 
Fotonllle ;.!)'10 U, 
1970 DR 
65-,4 30 9/16-17 357 2&9.5 99 
No Brooks data for this year in Potomac 
1971 Iii 65-94 
1971 BR 65 - 94 
BR, Adjusted 
Averages 
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1 289.4 1 
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(2) Ave. CPE = Ave. per tow 
(3) V = coefficient of variation in %; (Vxio-2) x Meiln CPE = standard deviation of CPE 
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Table .3 .2 . Effort and catch per unit of effort for juvenile blueback 
. ' 
alewife, and American shad by experimental gear in Chesapeake 
estuaries. Surface trawls only using 5x5 ft Cobb trawl. River 
miles refer to distance from river mouth at Chesapeake Bay. 
River and R/V Langley R/V Brooks 
miles 1969 1970 1971 1972 1970 197.l 1972 ----
James Tows 20 46 46 92 38 40 73 
35-80 
CPE Blueback 244.3 1535,3 726.8 339.2 2555.l 925.6 226.9 
Alewife 36.3 93.7 8.0 1.5 174.6 22.0 2.5 
A. shad 23.4 17. 7 3.0 2.5 30.l 4.8 2.0 
York- Tows 30 21 42 35 30 66 
parnunkey 30-60 
CPE Blueback 86.9 15.7 4.4 71. 3 398.2 11.4 
Alewife 8.7 l. 3 0.8 5.7 3.1 0.7 
A. shad 1.6 0.7 0.9 3.3 1.0 2.1 
York- Tows 25 21 44· 25 21 50 
Ma ttaponi 30-50 
157 ,5 1.5 11.0 CPE Blueback 12.2 Tr · 5.2 
Alewife 6.2 5.0 3.0 3.5 Tr Tr 
A. shad 4.6 4.1 4.5 5.4 4.7 2.3 
Rappahannock Tows 31 3l(a) ·52 26 31 62 
50-80 
CPE B-lueback 33.9 33.3 99.6 56.7 22.1 142.7 
Alewife Tr 1.5 8.9 0.8 Tr 11.7 
A. shad Tr Tr Tr Tr Tr Tr 
Potomac Tows 31 3j_(a) 62 30 62 
65-95 
CPE Blueback 105.0 1.9 18.5 13.4 10.9 
Alewife l. 2 Tr Tr Tr 0.9 
A. shad 0.2 Tr Tr Tr Tr 
(a)samples taken in November, juvenile migration probably underway. 
Table 3.3. Average catch per unit of effort estimates for the 
principal alosids in the nursery areas of Virginia rivers. 
Langley and Brooks data weighted and combined. 
~-"'--"- ~~--
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Table 3.4. Percentage distribution of the three principal Alosa 
species ca)tured by dissimilar vessels in the major Virginia 
rivers. (a 
--
Blueback Alewife A. shad 
River and yea£ :!:.~~~IL Brooks Langle,'i, - Brooks Langlez --
James 
1969 86.0 12.8 8.2 
1970 93.2 92.4 5,7 6.3 0.1 
1971 98.5 97.2 1.1 2.3 0.4 
1972 98.8 98.1 0.4 1.1 0.8 
York-Pamunkey 
1970 89.4 88.8 8.9 7.1 1. 7 
1971 88.7 99.0 7.3 0.8 3.0 
1972 72.1 80.3 13.1 s.o 14.8 
York-Ma ttaponi 
1970 93.6 55.2 3.7 15.8 2.7 
1971 14.6 4.5 47;2 0.4 38.7 
1972 59.5 68.4 16.2 0.8 24.3 
Rappahannock 
1970 99.6 98.8 ·o. 3 0.1 0.1 
1971 95.6 99.4 4.2 0.3 0.2 
1.972 91.8 92.4 8.1 7.5 0.1 
Potomac 
1970 98.7 1.1 0.2 
1971 99.0 99.6 0.7 0.3 0.3 
1972 99.4 92.4 0.3 7.1 0.2 
(a)May differ somewhat from Table 3.lJ Part I, Job 3.J this report 
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? COMMUNITY STRUCTURE AND TROPHIC DYNAMICS OF ALOSID NURSERIES 
Job 4. I. Pro~~tivity and Nutrients 
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The goal in this phase of the contract was to assess those 
chemical and physical variables within a body of water which make 
that area favorable as a .nursery for juvenile alosids. With an 
understanding of the inter-relationships between these parameters and 
the biological aspects of food availability, feeding selectivity, 
competition and growth, a critical evaluation of the ecological 
requirements for the alosids can be initiated. 
During the contract period October 1, 1970 through September 30, 
1971, five nursery areas (James, Pamunkey,_Mattaponi, Rappahannock 
and Potomac rivers) were sampled monthly through the summer. The 
primary objective was to assess the fluctuation of nutrient concentra-
tions, primary productivity, chlorophyll concentration and the various 
phys·ical characteristics such as te.'Tiperature, freshwater discharge 
·rates, light penetration, etc., and to relate these findings to alosid 
growth and distribution within a given nursery. The secondary 
objective was to compare riurseries and evaluate the similarities and 
differences between them. 
The work accomplished in the summer of 1971 showed us that a 
monthly sampling scheme was inadequate to critically evaluate the 
within-river variation. The dynamic nature of estuaries requires 
mol;'e frequent sampling to accurately describe fluctuations in chemical 
and biological parameters in response to physical change. Secondly, 
the techniques involved in collecting water samples and evaluating 
{ -· ' 
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nutrient concentrations and productivity needed further refinement 
and expansion. The study conducted during the present contract 
period (October 1, 1971 - September 30, 1972) was concentrated in 
one nursery area (James River) in an effort to meet the outlined 
objectives. 
Study Area 
Five sampling stations were selected in the James River 
(Fig. 4.1). Three of these stations were in the mainstream of 
the river at Weyanoke (mile 53), Hopewell (mile 63), and Dutch 
Gap (mile 73). The first two of these are considered prime nur-
sery areas from previous juvenile abundance surveys and the last 
station is located near the upriver limit of the nursery. Two 
stations were positioned in tributary areas: one was located 
three miles above the mouth of Powell Creek, a small stream 
entering the James River about four miles below Hopewell on the 
south side of the river; and a second was located in Turkey Island 
Oxbow, part of the original main river prior to the dredging of a 
thoroughfare channel. In past years both of these tributary areas 
have proven to be good spawning sites and were utilized as nurseries 
by alosids (see Completion Report AFC-1, 1970). Sampling was con-
ducted weekly at all stations from May 15 to August 8 and bi-weekly 
thereafter through the end of September. 
Paramet~rs Measured, Methods, and Materials 
At each station dissolved oxygen, salinity and temperature 
were measured at the surface and at five-meter intervals. Dissolved 
oxygen was determined by the modified Winkler method and salinity 
was measured by AgN0 3 titration (Strickland and Parsons, 1968). 
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Relative turbidity (transparency) of the water was measured using 
a submarine photometer and a Secchi disc. Water samples (0.5 
liter) from the surface and bottom were fixed in the field (HgCl2 
solution) and returned to the lab for nutrient analysis. 
Total (Kjeldahl) nitrogen and ammonia were determined from 
unfiltered samples using techniques given in Standard Methods 
( 1965). Nitrite, nitrate and orthophosphate concentrations were 
measured from filtered water samples (0.45 micron Millipore) with 
a Technicon Autoanalyzer II. Total phosphorus was determined using 
the techniques given in Strickland and Parsons (1968). Concentra-
tions of the soluble fractions of inorganic and total carbon were 
determined from filtered samples using a Beckman Model 914 carbon 
analyze·r. 
An estimate of the standing crop of phytoplankton at each 
station was obtained from the concentration of chlorophyll 11 a 11 
in the surface and bottom waters. Samples were filtered through 
Millipore pads (0.45 micron) in the field. These pads were placed 
in 90% acetone for digestion and returned to the lab where chloro-
phyll 11 a 11 concentrations were determined fluorometrically (Strick-
land and Parsons, 1968). 
Net pri~ary productivity was estimated weekly from surface 
samples by measuring the cl4 uptake by organisms during a controlled 
period of incubation. At each station replicate light and dark 
bottles containing 100 ml of surface water were innoculated with 
0.5 ml of NaH14co3 solution·of knciwn ~ctivity. These samples were 
incuba.ted at ambient water temperature under constant light 
- - - · . - -··--··-· ··········· ·- ·····-· ···· 
4-4 
conditions for three hours. 
True values of primary production are difficult to determine 
in estuarine waters because of the large plankton biomass and 
fluctuating flow and turbidity. Station to station differences 
and the weekly variation in productivity are shown in our results. 
All sampling was conducted between 1000 and 1600 hours to minimize 
.differences due to diurnal response. Daily freshwater discharge 
rates of the James River at Richmond for the period under study 
were supplied by the Division of Water Resourc~s, Virginia Depart-
ment of Conservation and Economic Development. 
Physical Characters 
Fluctuations in freshwater discharge rates produce changes in 
·turbidity. Light penetration decreases as discharge increases due 
to siltation from land runoff and increased sediment mixing. There-
fore.the photosynthetic zone is appreciably reduced and the produc-
tivity of the areas affected would decrease during periods of peak 
discharge. Tran~parency was measured as the depth of 10'/o light 
penetration with a submarine photometer. 
The summer of 1972 was exceptional along the mid-Atlantic 
coastal plain, characterized by extensive flooding of the rivers 
in late June due to the passage of hurricane Agnes·. Freshwater 
discharge at the Richmond gauging station declined from the middle 
of May (the beginning of the study) to mid-June. The mean daily 
discharge for May was 13,036 cubic feet per second (cfs). Heavy 
precipitation from the hurricane began falling in western Virginia 
I , . 
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on June 20 and continued for several days. Maximum discharge of 
296,000 cfs at Richmond occurred on June 23 (Fig. 4.2). Flooding 
of this magnitude has many drastic short-term effects on the biota 
of the upper estuary as well as several m<:re subtle long-_term 
effects. The most recent flooding in the James prior to Agnes 
was a result of hurricane Camille iri August, 1969. During that 
.flood juvenile herring were displaced downriver 20 to 40 miles. 
However, alosid juveniles did return to their pre-flood position 
in the nursery after·the passage of flood waters (see Completion 
Report, AFC-1, 1970). Decreased productivity and algal biomass 
are also expected immediately following the flood. Minimum dis-
charge rates were recorded from mid-August through September (daily 
mean c.a. 3,500 cfs). 
The depth of 10°/o light penetration for the five stations through-
out the study period is presented in Figure 4. 3. Maximum turbidity 
coincided with maximum discharge after about a one-week lag period 
(Table 4. 1) . 
Relative turbidity of the waters at all sta~ions except Powell 
Creek was similar throughout the study. Periods of maximum clarity 
were in early June, late July and throughout September, coinciding 
with low levels of freshwater discharge in the main river. Maximum 
. . 
turbidity at the four stations occurred immediately following the 
flood crest in late June and again in early August after heavy 
rainfall. The depth of 10"/o light penetration varied as much as 
60 on within a three-week period. Powell Creek is only slightly 
l 
[ 
affected by fluctuating discharge rates of the James River proper. 
It is basically a more turbid area than other stations with the 
depth of 10% light penetration ranging between 30 and 60 cm 
(mean = 50 cm). 
Water temperatures ranged from 18-20 C. in May to 31-35 C in 
late July. Temperatures were comparable at all stations except 
Dutch Gap, where the hot water effluent of the Chesterfield power 
plant (VEPCO) enters the river from Farrar 1 s Island gut. Water 
temperatures at Dutch Gap were typically 2-5 C warmer than other 
stations. 
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Dissolved oxygen concentrations varied inversely with tempera-
ture, being highest (7-8 ppm) in May and lowest (3-5 ppm) in late 
July. Surface and bottom oxygen saturation levels were steady at 
about 75% at all stations throughout the study. Less than 50% 
saturation was rec·orded at Weyanoke and Dutch Gap during the last 
week ih July. The Powell Creek station exceeded 90% oxygen 
saturation on three sampling dates. 
Salinity ranged from 0.06 to 0.20 ppt at all ·stations throughout 
the study. The station furthest downriver, Weyanoke, is about 22 
miles above the salt-fresh transition zone. Most of the salts 
present are accounted for by the dissolution of minerals from land 
runoff. 
Primary Production, Chlorophyll, and Carbon Concentrations 
The commonly used techniques for estimating the primar'y produc-
tion of an area include the light.:..·ctark bottle dissolved oxygen method 
, . , , 
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and. the cl4 method. The former technique measures the gain in 
dissolved oxygen in a controlled experiment due to photosynthetic 
activity. The latter method measures carbon uptake by organisms 
directly under controlled conditions. Both methods work well in 
clear lakes and oceanic waters but their usefulness in turbid 
estuarine wat2r. s of high biomass is debatable. The cl4 technique 
was chosen for this study because it is more sensitive and has 
been used in similar studies recently. Chlorophyll "a" concen-
tration from ~;urface and bottom waters provides an estimate of 
the standing ·c r op of phytoplankton. 
Primary production rates and levels of standing crop (biomass) 
in the nurseries are the initial steps toward understanding the 
trophic dynami ~s of alosids. The estimates are relative ones and 
are useful in area-to-area comparisons. The differences in standing 
crop .and relative production are of primary concern in answering 
the questions, 11 Wha t makes an area suitable as a nursery? 11 , or 
"How do nursery tributaries differ from nursery mainstream areas?n. 
Fluctuations in primary productivity and surface algal biomass 
were very similar at all stations (Figs. 4.4 and 4.5). The t·our 
stations othe1~ than Powell Creek had rates of 4 to 11 mg C m-3hr-1 
during the f:i.1:st two weeks in June corresponding to periods of 
low flow. Flooding during late June resulted in drastic declines 
·of productivity rates (less than 1 mg C m-3hr-1 ) which lasted 2 to 
3 weeks. Fluc t uations throughout the study demonstrated that pro-






( i. e_., turbidity). Highest rates were recorded at Hopewell and 
Turkey Island Oxbow in early Septe~ber (17 and 11 mg C m-3hr-l, 
respectively). The highest rate recorded at Weyanoke was 7 mg 
C m-3hr-1 in late July and at Dutch Gap was 9.5 mg C m-3hr-l in 
early June. 
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Productivity at the Powell Creek station was usually higher 
.than at any other station each week. The trend in productivity 
reflects the inverse correlation with discharge rates shown for 
other stations except for the week of the flood. At that time, the 
primary productivity was almost 15 mg C m-3hr-1 . The decline in 
productivity brought on by the flood occurred the following week. 
The highest productivity (29.5 mg C m-3hr-l) was recorded in early 
September. 
Chlorophyll TTa'' concentrations reflect a similar inverse 
relation with freshwater discharge (Fig. 4.5). At Weyanoke, the 
furthest downriver station, the values were consistently 10·11 (1 to 
15 mg /rn3) with minima 1 levels rec·orded immediately following the 
flood. The stations at Hopewell, Turkey Island, _and Dutch Gap 
showed similar variation from week to week, ranging from 20-25 mg/rn3 
in early June to 2-6 mg/m3 after the flood. High values were also 
recorded in late July and early Septenber during low flow periods. 
In Powell Creek the trend in standing crop was similar to other 
. s·tations but the values were consistently higher. Early June values 
were in excess of 50 mg/ m3 and those in late Jul~' and early September 
were 1. 5 to 2 times higher than at any other station. The minimum 
chlorophyll "a 11 concentration (2.7 mg/m3) was recorded one week 
later than at other stations (early July). Surface and bottom 
values were similar in most cases with differences attributed to 
tidal stage. 
The relationship between chlorophyll 11 a II concentration and 
the amount of carbon fixed photosynthetically was first employed 
by Ryther and Yentsch (1957). A summary of the methods and uses 
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is given by Strickland ( 1960). In this relationship the slope of 
the line, i.e., the rate of photosynthesis per unit of chlorophyll 
"a", is the characteristic sought. This value is termed the assimi-
lation nurnber and bears the uni ts mg C m-3hr-l /mg chlorophyll "a" m -3. 
There is considerable variation in assimilation numbers from area 
to area and though prec'ision is not claimed for this approach, a 
synoptic view of gross photosynthesis is obtained ( Fle.1\er, 1969 )'. 
Assimilation numbers (AN) were calculated weekly for the five 
sampling stations. The greatest variation in AN occurred at Dutch 
Gap where values ranged from O. 02 following the flood to 3. 57 in 
late August. The Turkey Island station was the least variable. 
Generally, minimal values were recorded imrnediately after the flood 
and peak values were obtained in late August during a period of low 
flow. 
An accurate measure of soluble inorganic carbon (free co2 , 
bicarbonate, and carbonate) in the water is an essential part of 
the c14 productivity determination. It is the base against which 
carbon uptake is calculated. Total organic carbon on the other 
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hand has be.en used as a relative measurement of enrichment, primarily 
from domestic sources. Productivity rates, chlorophyll and carbon 
concentrations from surface waters at each station are presented 
in Tables 4. 2 through 4. 6. 
Soluble inorganic carbon ( SIC). and soluble organic carbon ( SOC) 
conce~trations closely correspond to variations in primary production 
and chlorophyll concentration over the study period. They were 
inversely related to freshwater discharge and turbidity. 
The range of SIC values was slight ( 3 to 11 mg/1) with minimal 
levels following·the flood crest in late June and again in early 
August. High values were recorded in late July and early September 
during periods of low flow. Powell Creek waters had stable SIC 
concentrations from week to week and no decline in SIC was recorded 
following the flood. 
Concentration of SOC was high at all stations ( 5-14 mg/1) 
before and after the flood and again in early September. Concentra -
tions near zero were recorded in late June and mid-August during 
periods of high flow. Low concentrations of soluble carbon are 
attributed to dilution of ·dissolved substances by flood waters. High 
concentrations of SOC following the flood crest were probably caused 
by the increase in do~estic sewage effluent entering the river with-
out full treatment; Surface and bottom concentrations of carbon were 







The assay of important macronutrients which may occur in 
limiting quantities is another integral part of the understanding 
of production rates and plankton biomass levels in alosid nurseries. 
The principal nutrients controlling phytoplankton productivity in 
natural waters are nitrogen and phosphorus. These elements, in 
their various forms, are discharged in large volumes into the 
rivers with agricultural runoff, sewage treatment effluents, and 
effluents from certain industrial activities. Approximately 2.7 
metric tons (one metric ton= 2204 pounds) of phosphorus and 8.2 
MT of nitrogen are discharged in the effluents of the metropolitan 
Richmond area each day ·and heavy loadings also occur from industrial 
and domestic sources at Hopewell (Brehmer, 1970). 
Inorganic nitrogen and phosphorus concentrations, as NH3N, NOi~, 
N03N .and ortho-P04P as well as total organic N and total P04P, were 
determined for samples of surface and bottom water at all stations 
(Tables 4.7 to 4.11). The soluble inorganic fractions represent 
those nutrients immediately available to the · organisms and the total 
organic . fractions off er an index of enrichment of the area. 
Of the soluble inorganic fraction, nitrate-nitrogen (N03N) is 
by f~r the major component, usually comprising 60-8~/o of the total. 
Concentrations of inorganic nitrogen at the five stations were very 
high (0.5 to 5.0 mg/1) and fluctuations were erratic, showing no 
apparent correlation with river ~low. Generally nitrate and nitrite 
concentrations were highest at Weyanoke and Dutch Gap and lo·,1est at 




nursery of the James River. 
Total organic nitrogen was typically present in lower concen-
trations (0.3 to 2.0 mg/1) than inorganic nitrogen. Fluctuations 
were not appreciable from week to week and a tendency toward higher 
concentrations during periods of low flow-~Jas apparent. No defini-
tive pattern of differences in organic or inorganic nitrogen concen-
trations between surf ace and bottom waters was observed. 
High concentrations of dissolved inorganic (ortho) phosphate 
(0.03 to 0.30 mg/1) in the study area indicated that phosphorus is 
not limiting productivity. Surface and bottom values were similar 
and peak levels occurred in mid-July following a slight depression 
caused by the flood. Ortho-phosphate concentrations in Powell Creek 
were usually the lowest in a given series of samples. No apparent 
correlation of ortho-P04 concentration with river flow or tidal 
stage was found. 
Totai phosphorus concentrations in the nursery area were erratic 
from week to week and were different in surfqce and bottom waters. 
The amounts of total phosphorus ranged from 0.05.to 0.8 mg/lwith 
lowest concentrations occurring in Po~ell Creek. Total P04 values 
w~re highest at the. surface during flood tide and highest at the 
bottom during ebb tide at Weyanoke and Hopewell. In Powell Creek 
the opposite tendency was shown. Fluctuations of total P0
4 
concen-
trations at Turkey Island Oxbow masked any tidal relationship but 
the surface and bottom values were consistently different. Bottom 
values of total phosphorus always exceeded surface values regardless 
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of tidal stage at Dutch Gap. Lo•,1est concentrations were recorded 
during the week of the flood at Turkey Island and Po~ell Creek. 
However, at Weyanoke, very high concentrations were noted that same 
week. No flood effects were evident for this parameter at Hopewell 
or Dutch Gap. 
Ratios of inorganic nitrogen to inorganic phosphorus were very 
high ( 7 to 55) and weekly fluctuations were great at al:J. stations. 
There appeared to be no correlation with river flow or tidal stage 
and the high values indicate the overabundance of nitrogen available 
for plankton nutrition. 
Comparison with other estuaries 
Studies of water quality, thermal loadings, production and 
biomass from major Chesapeake Bay subestuaries are most extensive 
in recent years for the Potomac River (Jaworski, 1969; Jaworski, 
Villa and Hetling, 1969; and Jaworski, Lear and Villa, 1971) and 
the Patuxent River of Maryland (Beer, 1969; Flemer, Hamilton, 
Keefe and Mihursky, 1970; and Hindman, 1970). Brehmer and Halti-
wanger (1966) and Brehmer (1970) measured the hydrography, nutrient 
levels and chlorophyll 11 a 11 in the James, York and Rappahannock 
rivers. 
Comparison of water analyses between rivers and particularly 
between years has several drawbacks. Nutrient loadin~ is a 
fu_nction of basin size, land use patterns, flow rates, degree of 
industrialization and population. More than 87% of the total. 
phosphorus and 56% of the organic nitrogen entering the Potomac 
( 
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River estuary is from wastewater discharges in the Washington, D. c. 
area (Ja·worski and Hetling, 1970). Land runoff is responsible for 
nearly all inorganic nitrogen input to the Potomac estuary (op cit.). 
Agricultural lands are the major source of this nutrient though they 
comprise only 38% of the land use in the Potomac Basin. 
Seasonal variations in inorganic nitrogen loadings are much more 
pronounced than those of phosphorus. A direct relationship between 
stream flow and inorganic nitrogen concentration exists for non-tidal 
portions of the river basins,whereas phosphorus generally has an inverse 
relationship ( Jaworski and Hetling, 1970 ). 
Major flooding in a river basin with attendant land runoff 
dramatically increases the concentrations of inorganic nitrogen and 
phosphorus. Organic loadings from wastewater discharges during high 
flow periods would remain.constant or be lower downriver due to dilution 
(unle~s municipal wastewater treatment plants and sewers are flood~d). 
Differences in analytical techniques and equipment used can 
cause considerable variation in water chemistry or productivity data. 
Accurate calibration and precision of the instruments, care in pre-
paration of reagents and competence in execution of the varied analyses 
are critical to obtaining comparable results in water quality studies. 
Similarly, problems in measuring primary production are numerous 
(i.e., type of isotope; incubation time, light intensity, develop-
ment of accurate quench curves, efficiency of the counting device, 
etc.). 
A nutrient input study of the Chesapeake Bay system (Jaworski 
and Hetling, 1970) provides comparative data for this study. Mean 
monthly concentrations of total Kjeldahl nitrogen (TKN), N02 and 
N03 nitrogen, and total P04 phosphorus were reported for the period 
June through October, 1969. Tneir stations included the James 
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River at Richmond, the Rappahannock River at Fredericksburg, the Potomac 
River at Great Falls, Maryland, the Patuxent River at Route 50 (the 
fall line) and the Susquehanna River at Cono~ingo Darn. 'Ihe nutrient 
inputs at these stations and data from the 1972 James River study are 
included in Table 4 .12 for gross comparison. 
Mean monthly concentrations of phosphorus were highest for 
the Patuxent (2.2 to 5.6 mg/1 and lowest for the Susquehanna 
(0.09 to 0.15 mg/1). 'Ihe range of variation for P04-P was slight in 
all but the Patuxent . River. Mean concentrations from June to October 
were less than 0.60 mg/1. Phosphorus values at Dutch Gap (1972) 
were comparable to those from the Potomac (1969) and slightly greater 
tha.n the 1969 James River concentrations. 
TKN concentrations were highest in the Patuxent (1.25 to 2.45 
mg/1), and generally lowest in the Rappahannock and Susquehanna 
basins. Potomac and James River concentrations0n both years) were 
similar. Monthly ranges were between 0.40 and 1.10 mg/1. 
Inorganic nitrogen concentrations (as N02 and N03) were highest 
fro~ the P~tuxent Basin (1.55 to 2.60 rng/1) and lowest for the 
Rappahannock. Monthly variations in N02 and N03 concentration were 
greater than those of TKN and total P04 because of dependence 
upon river discharge. Values for Dutch Gap (1972) were comparable 
to those from the Patuxent and were 2 to 5 times greater than those 




High organic loadings in the Patuxent are attributed the high 
ratio of sewage to stream flow in the relatively small basin (Jaworski 
and Hetling, 1970). Inorganic nitrogen loadings in the Patuxent are 
great due to the rural nature of the basin, the major land use being 
crop and pasture. Freshwater discharge of the James River at Richmond 
was considerably greater in 1972 than in 1969, particularly between 
May and July. This could account for high N02 and N03 concentrations 
in the present investigation. 
Chlorophyll 11a tt concentrations are not expected to correspond 
directly with nutrient input data but do give an indication of phyto-
plankton biomass and offer an index of degradation in the upper estuaries. 
Only g·eneral comparisons of chlorophyll concentration will be offered. 
River flow, sampling time, species composition, methodology and 
particularly tidal stage (Flemer, et al., 1970) tend to mask true 
relationships between rivers and years. 
Chlorophyll concentrations (surface) in 'the tidal freshwater 
section of the James River were similar from May to September, 1971 
and 1972. Peak values were recorded in August; 1971 ( 20 to 32 mg/ 1) 
and in June, 1972 (12 to 26 mg/1) during periods of low flow. 
Brehmer and Haltiwanger (1966)'found higher concentrations (30 to 120 
mg/i) in the same areas of the James in June - September, 1965, 
however analytical methods differed. 
Chlorophyll 11 a 11 concentrations were very low in the Pamunkey 
(York system) and Rappahannock rivers during May - September 1971 
(4 to 14 mg/1 and 2 to 13 mg/1, respectively). Although nut.rients are 
probably not limiting in these .systems the magnitude of nutrient 
loading is considerably less than in the James or Potomac estuaries. 
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l · Concentrations of chlorophyll 11a" in the upper Potomac River are 
' 
I high during summer months. In 1971, values of 38 to 64 mg/1 were 
recorded in July and August (see Contract Rept. AFC-7-1, 1971). 
Values of 25 to 90 mg/1 of chlorophyll 11a 11 are common in the upper 
Potomac during summer and algal 11 bloom11 conditions (Micro::::ystis spp.) 
occur annually. Marks, Villa, Favorite and McPherson (1970) recorded 
concentrations of 100 to 445 mg/1 at several stations in July - September, 
1969 in tidal freshwater sections of the Potomac. 
Estimates of primary production are very difficult to compare 
between stations, rivers, and years. Absolute values of productivity 
can be extremely variable, being influenced by such things as river 
flow, tidal stage , time of day ( or night) sampled, cloud cover, 
turbidity, nutrient availability, oxygen sa turation, species composi-
tion of the phytoplankton, adsorption of labelled carbon on particulate 
matter, light intensity, and care and precision of analytical techniques. 
Because productivity is a rate measurement estimates are at best only 
accurate for the given sample date and station. Weekly, monthly or 
yearly averages afford only gross comparisons for even the most 
resticted areas. 
Values of primary production from tidal freshwater sections of 
the.Patuxent River in· the summer of 1969 (Flemer, et al., 1970) were 
high and variable. Between May and August, estimates ranged from 
4.5 to 52.4 mg C/m3/hr with extremes of 104 to 450 mg C/m
3
/hr. Heavy 
nutrient loading coupled with very low discharge rates are responsible 
for these conditions. 
From May through August, 1971 (Contr·. Rept. AFC-7-1, 1971) 
productivity estimates were lowest in the Rappahannock River 
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(2.2 to 17.4 mg C/m3/hr) and highest in the Potomac (10.6 to 105.0 
mg C/m3/hr). The Pamunkey (York) and James Rivers were similar in 
1971 ( 9. 5 to 34 .4 mg C/m3 /hr) with lowest values occurring in May 
(to 0.7 mg C/m 3/hr). Mean monthly estimates of productivity at 
mainstream stations in the James River in 1972 were considerably 
lower than in any other· river being compared ( 1. 7 to 11. 5 mg C/m3 / 
hr). High discharge rates and subsequent turbidity throughout the 
summer in 1972 are suspected causes of these reduced estimates .. 
Summary 
Primary production rates, chlorophyll nan and carbon concentrations 
appear to be d.irectly related to each other in the study area. These 
parameters are inversely related to fresh.water discharge rates and 
turbidity ( i .. e., transparency). Levels of organic nitrogen, phosphorus 
and carbon are high and variable in most areas of the upper James. 
The James River nursery area is a light-limited system rather than 
a nutrient-limited system. 
Stations in the mainstream nursery and Turkey Island Oxbow were 
very similar in turbidity, primary production rates, chlorophyll 11 a 11 , 
carbon and nutrient concentrations. The Powell Creek station differed 
considerably relative to other stations in the parameters measured 
and was less affected by changes in river flow. Phosphorus and 
nitrogen concentrations were generally lower, though production rates 
and chlorophyll concentrations were higher in Powell Creek. 
Nutrient loading in the uppe~ James estuary is comparable to that 
of the Potomac being somewhat greater than that of the Rappahannock and 
Susquehanna rivers. Magnitude of discharge and degree of urbanization 
in the· James and Potomac are primary reasons for this. The 
Patuxent River has even greater nutrient concentrations due to a 
high ratio of sewage to stream flow. 
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Chlorophyll concentrations and primary production rates are high 
in the Patuxent and Pot?mac rivers, intermediate in the James 
(1971 data) and low in the York and Rappahannock rivers. 
This survey was intended to provide a synoptic review of represent-
ative sectors in the alosid nursery of the James River. More 
detailed analysis of the data and further speculations must await 
the results of comparable studies in other nurseries. 
I 
\ II. Distribution, growth and feeding biology of juvenile a losids 
in the James River 
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In the evaluation of trophic dynamics within the nursery systems, 
we chose to limit our analysis to the James nursery in an effort to 
establish basic principles and relationships which will be .used in 
comparisons with other nurseries which were sampled in 1971. 
Much of the work reported herein is taken from a doctoral 
dissertation prepared by R. G. Burbidge entitled nDistribution, 
growth, selective feeding, and energy transformations of young-
of-the-year blueback herring in the James River, Virginia . 11 This 
work was conducted under the supervision of· Jackson Davis and was 
supported by Alosa project funds. Juvenile alosids and plankton 
samples were collected in the summer and autumn of 1969. 
Meter net and stomach samples reported herein are those obtained 
in the summer of 1971. Distribution and growth data are incorporated 
from the weekly collections during 1972 as well as the 1970, 1971 and 
1972 juvenile abundance surveys. 
Methods 
Fish and plankton collections during 1972 were made in conjunc-
tion with productivity and nutrient sampling. Juvenile alosids·were 
sampled weekly from mid-May through mid-August and biweekly there-
after through September. At each of the five sampling sites (Fig. 4.1) 
a 5 x 5 ft. Cobb trawl was towed for five minutes at the surface and 
at mid-depth. All fishes were identified and counted with mean lengths 







a meter net ( 374 micron mesh) for five minutes at .the surface at 
each station. The 1972 meter net collections are not yet processed. 
Burbidge's sampling scheme included collection of juvenile 
bluebacks at monthly intervals from mid-June through mid-November, 
1969 with a 10 x 10 ft. Cobb trawl, 'towed for 5 minutes at the 
surface and at five meters depth at each 10 mile interval from 
JA-40 throug·h JA-80. Zooplankton collections (three-minute repli-
cates) were made simultaneously at both depths, using a Clark-Bumpus 
sampler fitted with a #20 net (76 micron mesh size). Mean lengths 
of fish were calculated from the monthly collections and a subsample 
was preserved for stomach analysis. Plankton samples were preserved 
·in the field and later described both quantitatively and qualitatively. 
Electivity indices were derived from plankton and stomach data. 
Plankton samples from the James River in 1971 were taken from 
mid-May through mid-Septenber using a meter net towed at the surface 
for five minutes. The collection sites were at Weyanoke, Hopewell, 
Turkey Island, and Dutch Gap. All organisms were . enumerated and 
identified. Smaller organisms were also collected at these sites 
by pumping 100 gallons of ~Ja ter from the surface to mid-depth through 
sleeve nets of decreasing size. The inner net was made of 202 'micron 
Nitex_and the outer sleeve was 35 micron Nitex. A one-quart sample 
of water passing through both nets was taken for nannoplankton assay, 









Results and Discussion 
Distribution. In June and July of 1969 the greatest abundance 
of bluebacks was at JA-50 (Burbidge, 1972). By mid-August, numbers 
had decreased slightly, probably caused by dispersal to shallow 
areas which were not sampled. Abundance of bluebacks (mean-catch 
per tow) increased in a general downstream to upstream pattern. 
Extensive flooding from hurricane Camille displaced juvenile alosids 
downriver in late August and early September (see Contract Report 
AFC-1-3, 1969). By mid-September re-invasion of the nursery had 
begun though catch of alosids remained low. Greatest abundance 
was noted at the JA-60 station. In October and November a 
downriver migration was evidenced by size distribution at the 
various stations. Greatest numbers of blueback were at JA-70 
at that time indicating input from tributaries into the mainstream. 
Distribution of alosids at the three mainstream stations in 
1972 reflected the general downstream to upstream increase in mean 
numbers of blueback per tow in June. However the opposite trend 
was noted in July, August, and September. The flooding in late June 
undoubtedly displaced juveniles downriver and complete recovery of 
juveniles to their previous levels of abundance in the upper 
reaches was delayed. 
In Powell Creek highest juvenile concentration occurred in 
June with numbers decreasing each month. This indicates increasing 
juvenile mortality and/or movement from the stream into the main 
river. At Turkey Island, abundance was lowest in June and highest 
in September. Additions here probably reflect dispersal from the 
I 




mainstream areas above and below the oxbow. 
Juvenile abundance surveys in the James River in August 1970, 
1971 and 1972 revealed greatest numbers of blueback in the area 
JA 50-55, and greatest numbers of alewife and shad at JA 60-65. 
Abundance decreased progressively _upriver'and downriver from these 
centers of aggregation. 
Growth. A general downstream to upstream increase in mean 
length of juveniles from June to September was shown for the three 
mainstream and oxbow stations in the 1972 study. In Powell Creek, 
all species of alosids were typically smaller than at other stations 
and migration from the creek had occurred by late September. 
Mean lengths of blueback from mainstream stations increased 
from 31 mm in June to 59 mm in September for· an average growth of 
9 mm per month. By incorporating young alosids from meter net 
samples with trawl collections all size groups are represented 
and a general picture or juverdle growtn can be seen. Mean lengths 
of bluebacks in tnese composite collections allows a growth scheme 
from about 1-2 weeks of age to time of migration (Fig. 4.b). 
Blueback from collections at Dutch Gap (JA-73) we·re slightly larger 
than at other stations but relative abundance after the flood was 
greatly reducea. All other locations showed similar growtn from 
May throqgh September, averaginJ about .3- 1t mm per week tnrough 
July and two mm per week thereafter. Similar grown1 was calculated 
for mainstream and oxbow collections in June-November, 1969, using 
only Cobb trawl data (AFC-1-3). The actual grrnvth rate of blueoacks 
in the James nursery lies between 8 and 16 mm per month depending 
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\ I .. 
! upon fish age, food availability and competition, water temperature, 
I and environmental stress. Growth of juvenile alosids does not 
appear to be correlated with primary production. 
! 
I 
I . -· 
In 1969 mean length of bluebacks increased progressively from 
JA-40 to JA-70 each month from July through October (Fig. 4.7). 
Exodus of bluebacks from the nursery during October and November 
was shown by the increased incidence of larger individuals at lower 
stations. Overall, mean fork lengths increased from 36.8 mm in 
mid-June to 72.4 mm by mid-November for an average growth rate of 
7.1 mm per month. Mean length recorded in June was probably high 
due to gear bias. Fish smaller than about 20 mm are not collected 
by the Cobb trawl in proportion to their abundance. The range of 
lengths in the 1969 collections was from 17 mm (June) to 88 mm 
(November) . 
The 1970 and 1971 juvenile abundance surveys, conducted in 
mid-August reiterated the general downstream to upstream increase in 
mean size of blueback and alewife from JA-40 through JA-75. Shad 
were largest near Hopewell (JA 60-65). In the 1972 collections all 
species were largest in the Hopewell area and decreases were noted 
~p and downriver from that area . 
. Greater mean lengths of juveniles at upriver stations were 
attributed to increased nutrient enrichment and food availability 
(i.e., zooplankton abundance) in these areas (Burbidge, · 1972). 
The present investigation (Job 4, I) verifies increased productivity 
rates and nutrient concentrations in the Hopewell-Dutch Gap areas 





Zoop1ankton standing crop and feeding selectivity. Burbidge 
(1972) found that at least 96% of the organisms in the plankton 
collections and 92% in the stomachs examined were copepod nauplii) 
copepodites, adult Eurytemora affinis (Calanoida) and Cyclops 
vernalis (Cyclopoida) and the cladocerans~ Bosmina longirostris-
coreqoni and Diaphanosoma brachyurum. Other organisms were 
periodically encountered in the plankton samples but only rarely 
found in the stomachs. 
Nauplii were always most abundant in surface waters and were 
present in highest concentration at JA-60 in 1969. Copepodites 
frequented mid-depth waters and were also most prevalent at JA-60. 
Greatest densities of Eurytemora and Cyclops were obtained at JA-50 
to JA-70. At all stations these copepods were more plentiful at 
5 m depth than at the surface. Bosmina were present in highes t 
numbers at JA-60 ( June-August) and JA- 70 (September-November) and 
was more abundant than adult copepods. Diaphanosoma was similarly 
distributed but was always less abundant than Bosmina. Both 
cladocerans were more abundant in the 5 m sample than in the 
surface sample. 
Generally an upstream increase in zooplankton density (except 
JA-80) was observed with maximum levels at JA-60 and JA-70. 
Density increased monthly until the August flood, was depressed 
as organisms were washed downri ver by flood waters, and. 
g~adually recovered by late September following a recruitment 
period. 
Meter net samples collected from·May through September, 1971, 
at Wey~noke (JA-53), Hopewell (JA-63), Turkey Island Oxbow (JA-67), 
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and Dutch Gap (JA-73) do not include the entire zooplankton standing 
crop because of mesh size selection. Nauplii and copepodites taken 
in pump samples are not reported here except for one collection. 
Seven species of cladocerans comprised 66-97% of the meter net 
zooplankton with highest composition recorded at Turkey Island and 
lowest at Dutch Gap. The 4 most common species, ranked by abundance, 
were Leptodora kindtii, Daphnia parvula, Bosmina longirostris-
coregoni and Diaphanosoma brachyururn. Six species of adult copepods. 
comprised 2 to 30% of the zooplankton in the meter net samples. 
The greatest concentration of copepods occurred at Dutch Gap and 
lowest at Turkey Island. The four sampling sites had different 
dominant copepods. These were Diaptomus reighardi (Weyanoke), 
Cyclops (Hopewell), Eucyclops agilis (Turkey Island Oxbow), and 
Eurytemora (Dutch Gap). All other organisms (14 spp.) made up 
only 1 to 4% of the zooplankton in the collections. Combining 
monthly collections, the Weyanoke station was most di verse with 20 
species and the Dutch Gap station was least diverse with 13 
species (Table 4.13). These results show a general downstream 
increase in numbers of species with lowest zooplankton abundance 
occurring at Hopewell. Gear selection for larger plankters masks 
the true abundance and diversity. 
Burbidge derived feeding selectivity indices for blueback herring 
using the formula: 
E = r . - Pi·/ r . +P . 
l l l 
where E = electivity (selectivity), ri = %composition of plankter 
i in the stomach, and P. =%composition of plankter i in the plankton 
. l 










selected against, 11 and that n copepodites were more often selected 
for than against early in the season, and more often against than 
for later in the season11 (when Bosmina became plentiful). 
Eurytemora and Cyclops were strongly selected for during the entire 
period and Bosmina was generally selected·against, except at JA-60 
to JA-70, when it was very abundant. Moderate selection of Bosmina 
and copepodites was directly related to theit abundance in 
·the plankton samples. 
Mean selectivity was moderate to weak (positive but low) 
and decreased from June through November, i.e., percent in stomach 
coincided with percent in plankton. The grand average percent 
composition in the stomachs consisted of 31.2% copepodites and 25.9% 
Bosmina. However, the aggregate composition of nauplii, copepodites, 
·and adult copepods in the stomachs was 65. 7% and that of Bosmina 
plus Diaphanosoma was 28.7%. All other food items constituted only 
5.6% of the total. Therefore, copepods were more stron;ly 
selected for than cladocerans and they comprised the major per-
centage of the diet for juvenile blueback. 
Twenty-four hour feeding periodicity studies were conducted 
on blueback herring in the Potomac River in 1968. Blueback 
actively feed from dawn to dusk with maximum fullness attained by 
1800 hours. Stomachs emptied overnight, indicating that light, 
and therefore sight is of major importance in food selection for the 
blueba ck. 
Stomach contents of ten blueback, alewife, and American 
shad were identified and enumerated and these findings were com-









inter-specific feeding selectivity. The fish and plankton collections 
were made at Hopewell (JA-64) in August, 1971 and the results are 
presented here (Table 4.14) to supplement the findings of Burbidge. 
Zooplankton standing crop was sampled from near surface waters 
with a submersible pump, the 100 gallons being passed through 
sleeve nets previously described. A five-minute meter net tow was 
used for larger plankters. The zooplankton population(pump and 
meter net samples combined) was predominantly comprised of cladocerans 
(6 species) and copepod nauplii and adults (6 species). Most 
abundant cladocerans were Bosmina coregoni and Leptodora kindtii 
and all cladocera together made up 67.1% of the total collections. 
Cyclopoid copepods (nauplii and adult) were much more plentiful 
than calanoids (13 to 1) and the composite of all copepods in the 
collection amounted to 32.2% of the total. Over 80% of all copepods 
1 .. were naup~.lJ .. All other organisms in the plankton (insect larvae, 
ostracods, isopods, etc.) amounted to only 0.7%. Leptodora was the 
most abundant organism in the meter net collection but because of 
its large size and mobility, was rarely found in alosid stomachs. 
Small cladocerans (primarily Bosmina), and copepod nauplii were the 
0ajor entities in the 202 micron and 35 micron samples and adult 
copepods (cyclopoid) were most plentiful in the 202 micron fraction. 
It appears that blueback herring are random filter feeders, 
their diet closely reflecting the zooplankton standing crop in order 
of abundance of food types. Tne ten blueback herrinJ used for stomach 
analysis had a mean length of 48 mm. Of the 383 food items, 85% 













79% of· the cope pods ingested and members of these two subclasses 
comprised 98.5% of all food items. 
American shad appear to be more selective than bluebacks for 
adult copepods but random feeding upon items of dominant abundance 
is again shown. The American shad examined were considerably 
larger than the other species ex= 79 mm) but food quantity and type 
was very similar to that of blueback. A total of 84.6% of 363 
food items were cladocerans (mostly~ coregoni) and 10.7% of the 
contents were comprised of copepod nauplii (7%) and adult (3.6%). 
Of the remaining food items, ostracods were most plentiful (3% 
of total). 
Selective feeding on larger plankters, primarily cyclopoid 
copepods, has been illustrated for alewife in New England lakes 
(Brooks and Dodson, 1965). In light of the feeding periodicity 
re.sults previously mentioned, the relatively large eye size in 
alewife (i.e., better vision), is probably an important factor in 
food selection by this species. Alewife feed randomly, however, 
when light is low and/or zooplankton abundance is great. The ten 
alewife in the sample had a mean fork length of 60 mm and 
exhibited quite different food preferences than blueback and 
shad. Of 311 food items, only 92 (29.6%) were cladocerans. 
~ coregoni and Diaphanosoma branchyurum were predominant. Very 
few copepod nauplii (5.8% of total) were eaten, but adult copepods 
· comprised almost 60% of the food. Eucyclops aqilis was the single 
most important component of the alewife diet. Ostracods and tendiped 
larvae made up the remaining 6% of the food. 
----- -·-·--- ··- ······· -··· · 
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Summary 
A direct relationship exists between zooplankton density and 
abundance and growth of young-of-the-year bluebacks. Higher growth 
rates at upstream stations can be attributed to differences in prey 
density and reduced leveis of interspecific competition between 
upriver and downriver areas. Standing crop of zooplankton and sub-
s.equent food consumption by bluebacks was greater at JA 60 and JA 70 
than at lower stations due, in part, to less competition from anchovies 
(Anchoa mitchilli) and higher phytoplankton biomass brought about by 
nutrient enrichment. 
Adult copepods were strongly selected for (especially by alewives) 
while smaller nauplii and cladocerans wer.e selected against. Bosmina, 
however, becomes dominant in the food after copepods are selectively 
removed. Alewife appear to be more selective for larger food items 
than blueback or American shad. Size, abundance, and mobility of 
prey are the important aspects in the feeding biology of alosids. 
' --; . 
III. Community Structure, Competition and Predation 
Alosids in their respective spawning and nursery areas are 
influenced by the other organisms inhabiting the same locale. 
Specific effects of competition and predation on alosids at 
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various early life history stages are difficult to measure and 
assess, but a general survey to define the community of fishes in 
.the rivers is realistic. We can speculate on relationships between 
the alosids and those organisms acting as predators and competitors 
for food given a knowledge of relative numbers, biomass and food 
habits for the various species. 
Annual abundance surveys conducted -in late summer and early 
fall provide .information on the community structure of both benthic 
and pelagic fishes during a period of high juvenil~ alosid biomass. 
This community is also representative of the species complex for 
the river system during the period in which alosids spawn, hatch, and 
become active competitors for food and space. 
Quantitative estimates based upon mainstream sampling in the 
warmer summer months are difficult for two reasons: (1) euryhaline 
and freshwater species tend to disperse to shoal feeding areas, and 
(2) larger individuals and more active species are able to avoid 
capture by trawls. Because of these drawbacks a winter sampling 
survey was conducted in January-February, 1972. During this time of 
.year resident species congregate in stable, deeper mainstream 
waters and are less likely to avoid capture due to reduced meta-
bolic activity. 
The y.1inter survey of the James, York, Pamunkey, Mattaponi, 
Rappahannock, and Potomac rivers was designed to be annually 
repetitive. Four one-quarter mile bottom tows with a 30-ft., 
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lined semi-balloon trawl were made at each five mile increment 
from the mouth to the head of navigation in each river. Subsamples 
of 50 fish of each species were measured and aggregate weights 
were taken for each species at all stations. 
Biomass estimates expressed as average weight (kg) per tow 
were, in declining order, the York system - 19.5 kg/tow, Potomac -
16.0, Rappahannock - 9.8, and James River - 4.6. 'Ihese estimates 
are based upon all tows made in a given river. The four river 
systems have similar resident species. Large populations of white 
perch (Marone americana), hogchoker ( Trinectes maculatus), · and the 
three catfish species,· channel and white catfish and brown bullhe.ad 
(I.ctalurus punctatus, I. catus, and L nebulosus, respectively) · 
constituted up to 90% of the biomass but only 14 to 21% of the 
species complex in the rivers. These species probably have a 
major affect on young alosid stocks, acting as predators and/or 
compE:?titors. Whi.te perch was the dominant species in all but the 
James River where this species is now unusually scarce. 
Competition for food with alosids, and predation upon eggs, 
larvae, and juvenile herring and shad occurs from spawning season 
(March-April) through final migra.tion from the nursery (October-
. November). The primary competitors for food with juvenile alosids 
are bay anchovy (Anchoa mitchilli), menhaden (Brevoortia tyrannus), 
gizzard shad (Dorosoma cepedianum), threadfin shad (2-.:_ petenense), 
and freshwater mi0nows and shiners (Fam. Cyprinidae). The first 
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two species occur predominantly in lower freshwater reaches and 
in the areas of the transition zone during the nursery season. 
··~~;;;;:< '' · ·········.~i.-·····"· ,:...:. ·· · ~-"-
'Ihe other competitors are more abundant in upriver areas and tribu-
tary streams. All but the cyprinids are planktivorous filter 
feeders, and their diets are similar to that of alosids (i.e., 
copepods, cladocerans, ostracods, insect larvae, etc.). Anchovy 
is the single largest competitor species in the lower nursery, 
often exceeding alosids in abundance and biomass. Threadfin shad 
are plentiful in the upper James estuary but are insignificant 
in other rivers. Gizzard shad are corrimon to all of our sampling 
areas, as are small cyprinids, predominantly the spottail 
shiner (Notropis hudsonius). 
Predator-prey relationships require extensive field and 
laboratory studies to evaluate feeding selectivity of the many 
possible predators. From our data we can speculate as to which 
species are most likely to consume herring and shad eggs, larvae 
and juveniles. 
Demersal semi-adhesive herring eggs are readily available to 
many benthic and epi-benthic feeding fishes in late spring. Among 
_these probable egg predators are white perch, hogchoker, white 
and channel catfish, brown bullhead, American eel (Anguilla rostrata), 
carp (Cyprinus carpio), various centrarchids (Lepomis spp.) and 
shiners (Cyprinidae). 
Alosid larvae and juveniles are probably not threatened by 
bottom feeders such as hogchokers and carp, but pelagic species 
such as the striped bass (Moron~ saxatalis), longnose gar (Lepisosteus 
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Table 4.1. Weekly flow rates and relative turbidity at five 





~____Q~th of l~/o Light Penetration (cm) 

















































































































1 This rate is the mean freshwater discharge as measured at Richmond 
( USGS) for the 7 days preceding the collection. 
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Table 4,2. Summary of c 14 productivity rates, phytoplankton standing 
.crop estimates and soluble carbon concentrations from 






























































































































Table 4.3. Summary of c14 productivity rates, phytoplankton standing 
crop estimates and soluble carbon concentrations from 
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Table 4.4, 14 Swnmary of C productivity rates, phytoplankton standing 
crop estimates and soluble carbon concentrations from 
surface waters at Hopewell Station (JA-63), James River, 1972. 
cl4 Chloro-
Date Prod. phyll 'a' Assimilation Inorg. c. Org. c. Total C 
mg C/m3/hr mg/m3 No.,': mg/1 mg/1 mg/1 
17 May 1.24 9.40 0.13 5.0 6.7 11. 7 
23 May 1.41 5,10 0.28 5,5 4.1 9.6 
31 May 4.76 13,80 0.35 6,3 3.1 9.4 
7 June 6.64 23.80 0.28 6.0 3.8 9.8 
14 June 2.64 20.40 0.13 5,7 4.3 10.0 
21 June 3.20 25,80 0.12 8,9 0.1 9,0 
28 June 0.06 · 2.30 0.03 5,3 0.0 5,3 
5 July 0.81 4,60 0.18 5.2 3.9 9,1 
12 July 0.74 3,90 0.19 6.0 8.7 14.7 
19 July 1.98. 11.00 0.18 6.2 9,3 .15. 5 
26 July 3.91 14,10 0.28 6.6 10.4 17. 0 
2 Aug. 0.67 6.10 0.11 7.9 
8 Aug. 1.43 5,90 0 .. 24 5.4 1. 8 7.2 
22 Aug. 7.70 14,80 0. 52 7,2 1. 7 8,9 
s· Sep. 16.68 13 .60 1. 23 8.5 7.0 15.5 
26 Sep. 6.20 6.80 0.91 7.4 2.6 10.0 
,j • 
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Table 4,5. Summary of C 14 productivity rates, phytoplankton standing 
crop estimates and soluble carbon concentrations from 
surf ace waters at Turkey Island Station (JA-671 James River, 1972. 
cl4 Chloro-
Date Prod phyll 1 a 1 Assimilation Inorg. c. Org. c. Total C 
mg C/m 5 /hr mg/m3 No. -:: mg:/1 mgjl mg/1 
17 May 1. 78 6.90 o. 2.6 
, 
5.0 4.9 9.9 
23 May 1.41 4.90 0.29 6.0 2.6 8.6 
31 May 4.86 14.80 0.33 6.8 2.8 9.6 
7 June 7.75 21.60 0.36 6 .. 2 1.8 8.0 
14 June 2.41 13 .60 0.18 6.0 4.5 10.5 
21 June 2.46 lQ.90 0.23 8.0 1. 5 9.5 
28 June 0.06 2.60 0.02 6.3 0.0 6.3 
.· 5 July 0.84 5. 70 0.15 5.5 5.1 10.6 
12 July 2.18 7.00 0.31 6. 8· 5.9 12.7 
19 July 2.53 9.20 0.28 7.6 8.8 16 .4 
26 July 3.60 16. 80 0.21 7.5 5.9 13 .4 
.2 Aug. 0.51 4.00 0.13 8.7 
8 Aug. 1.44 6.40 0.23 5.8 1. 2 7.0 
22 Aug. 9.17 9.50 0.97 8.4 0.1 8.5 
5 Sep. 10.92 24.00 0.46 8.9 5.1 14.0 
26 Sep. 1,44 10.30 0.64 7.6 2.4 10.0 
... C m-3hr-l/mg Chlorophyll I a I m-3 .. mg 
?'Y 'Mfia,S,,l"'te?M't'fd'J H!:i-V N''"et>ttt'UU'"lrJ'ilP«- t?t ··r1 e· r· ·,11t'tHH 
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Table 4,6. Summary of c 14 productivity rates, phytoplankton standing 
crop estimates and soluble carbon concentrations from 
surface waters at Dutch Gap Station (JA-73), James River, 1972. 
c14 
Date Prod. 
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Table 4 .7. Su'Tlr:i -Jry of nu tri ent ana l ys i s 
~ -:lt t r.c 
J .3mes Ri ver, 197 2 . 
To t a l Tot :.1 1 
Da te NHrN NOrtr NOr N 
I norg . N Organic U 
mg/1 mg/ 1 mg/1 mg/1 mg/1 
Surf ace 
17 May 0.14 0.08 1. 70 1.92 
0.73 
23 Ma y o. 50 0.54 
31 May 0. 38 0.11 1. 57 
2 .06 L 03 
7 June 0. 84 0.12 2 . 05 
3. 02 0 .04 
14 Juri e 0.00 0.20 1.67 
' 1. 88 0 .9 ~, 
21 June 0.31 0. 22 0. 74 
1.27 0 . 71 
28 June 0.00 0.05 2. 37 
2.42 0.95 
5 July 0.00 0.13 2 . 00 2 .13 
1. 32 
12 July 0.31 ' 0. 10 1.69 2 .10 
0 .08 
19 July 0.31 0.12 1. 69 
2 .12 1. i 3 
26 July 0 . 29 0. 06 4 .37 
4.72 0.4 5 
2 Aug. 0 .62 0.16 i.n 2.49 0 .32 
8 Aug. O. ll 0.21 1.85 
2.17 0.86 
22 Aug . 0.06 0 .03 3. 31 
3 . 40 0.39 
5 Sept. 0.34 0. 06 2 . 50 
2 .90 0.58 
26 Sept. 0.0'.l 0.27 2 .17 
2.44 0.90 
Bottom 
17 May 0.20 0.08 1. 79 
2. 06 1.00 
23 M,:iy 0.14 
0.8 0 
31 Ma y 0.27 0.11 1. 55 
1.94 1.00 
7 June 0.07 0.13 2.13 
2 . 33 0 .74 
14 June o.oo · 0.21 1. 82 2.03 1.19 
21 June 0.21 0 .22 0. 84 
1. 27 1. 20 
28 June o.oo 0.05 2.23 2.28 l. 25 
5 July o.oo 0 .14 1.94 2. 08 1. 01 
12 July 0. 97 0 .10 1.68 
2 . 65 0 . 05 
19 July 0.07 0.13 1. % 
2 .16 0 . 78 
26 July 0.28 0 . 06 4 .14 
4 . 48 0. -1-2 
2 Aug . 0.34 0.15 1. 7.9 
2.29 0.7 0 
8 Aug. 0.18 o. 25 , 2. lG 2 . 59 0. 67 
22 Aug. 0.10 0 .04 3 . 21 
3. 35 0 . 82 
s Sep t. '0. 41 0. OS 2 .42 2 .86 0 . 50 
26 Sept . o.oo 0.25 2 . 13 2.43 0 . 90 
vleya noke StJ .t i on -
Ortho To::a l 
P0 4-P PO.:: -P· 
mg/1 mg /1 
0.05 0.2.s 
0.30 
0. 08 0. 35 
0.09 0. 12 
0.09 0. 29 
0 .18 0. 'l.9 




0.08 0. 24 
0. 08 0. 28 
0.11 0 . 2.4 
0.09 
0 . 16 
0.08 0 .5.3 
O. l.9 
0 . 08 Q, 48 
0.10 
O. ll 0. 39 
0.14 0 . 56 
0.15 0 . 31 
0 .. 1 ,1 O.l.3 
0. 22 0.2 3 
0.15 0 . 37 
0 . 17 
0. 08 o. n 
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59 . 0C 
31. E 
,30 . 91 
36 . 25 
15 . 2; 
25 . 7: 
'"' II ,... -
L:..,. • L: 
23. 32 
18 . .:. :: 
9 . O'." 
1s . 2: 
1..: . f-5 
:..2 . C: 
13 . '.: -:. 
2~ - -0 . ~ : 
28 . 53 
5 . 8 ~ 
.'.l .s:-: 
3 . 7 ".. 




T-b2.e 4.8. Summ ary of nutrient :'lnalysis :it Po'.,Jell Cree:( Station - ( jA-59) 
James River, 1972. 
Total :otal 01 ... ::"'.o :ot'3l N:P 
Date 1m3 -N ;:J2 -~! 
N03 -N· Inorg. N Organic N. PC.L -? ?0 4 -? ~atio 
mg/1 -::.;/1 mg/1 mg/1 -:-ig/1 :n;/1 7'.g/l 
Surfa:::e 
17 r.;~y O.OQ 0.03 o. 74 0.77 Q.27 o.:3 0 .5S 25.67 
23 1-'.3'1 0.05 0.84 'J.17 
31 ?J:,;:; O.OCJ 0.08 0.91 0.99 0.90 Q.04 J,3!. 24.75 
7 Ju:1e 0.00 0.05 0.56 0.61 1.01 0.03 0,13 20.33 
14 J c::-ie 0.0'.) 0 .04 0.52 0.55 0.95 0.03 Q,39 18,33 
21 Ju:-ie 0.00 0.06 0.35 0.42 Q,81 O.E 0.33 2.80 
28 J~~e 0.00 C.04 1.24 1.28 0.84 0.05 O.CE 25.60 
5 Julv 0.12 C.10 2.24 2.47 0.93 0.15 15.44 
12 July 0.18 0.05 1.11 1.35 0 .60 0.09 0.37 15,00 
19 J-..:l v O.OCl 0.02 0.55 0.57 1.16 0.11 0.14 5.18 
25 July 0.39 0.03 0.73 1.16 0.60 O,C <l 0.13 29.00 
2 A··~ 0.32 0.12 1.12 1. 55 0.97 a.as 0.25 31.20 -':!. 
8 Aug. 0.17 0.11 2.05 2.33 1.02 
22 P..:.:g. 0,0'.) 0.12 1. 33 1. 45 1.08 0.04 0.10 36,25 
5 Sept. 0.24 0.18 1.38 1.80 1.29 0.07 25. 71 
26 Se;:it, 0.03 0.09 0.75 0.87 1.22 0.04 21. 75 
Bottc:n 
17 r!:; y 0.00 0.03 0.75 o. 78 '.),84 0. '.;!. 19,50 
23. !l3" 0.10 0.98 c.cc: 
31 Ea:, o.os 0.09 0.93 l. 07 1.00 n t"',,.. J.E 17,83 •.•• -:J 
7 '1~~e 0.00 0 .04 0.54 0.59 0.8 8 D. '.}3 19,67 
14 '-T:.::--.e O.OQ 0 .0<1. 0.60 0.64 l.61 0. 0:: 0.37 12.80 
21 J:..:::e O.OJ 0.06 0.37 0.43 1.15 0. C.5 J.43 7 .16 
28 J :..::1e 0.00 0.04 1.18 1. 22 1.3.4 o. '.J5 J,33 20.33 
5 J:.:ly O.OJ 0.10 2.32 2. 42 '.).88 0.12 20.16 
12 J1..:ly 0.17 0.06 1.28 1.51 0.S6 0.10 15,10 
19 J:.:ly 0.00 C.01 1,43 1. l14 J.84 0. C5 Cl.11 24.00 
2S '7 ·...: l· -1 0.32 0.03 0. 45 o. 81 O. ES Q, () 3 Q.32 27.00 
2 ·A··~ o. 3.S c.~2 1.17 1.65 J.% 0.05 ,J . :.9 33.00 
8 ,,.~;. 0.17 0.10 1. 35 1.62 1.05 
22 l,.:g. 0. 31 C,14 1,47 1. 92 1 .35 0. CJ7 27.43 
5 Se::,t. 0.25 0.18 1.65 2.08 1.28 0 .17 
12.24 
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Table 4.9. SU'nmary of n~trient anal; sis at Hope;,e :.1 S ts :ion, ( :.:.-G 3 ) 
James River, 1972. 
Total Total Or::-,o Total. : : : ? 
Date NH 3-N N02-N NOrN I:-,orq. N Crg.:rnic N PO .-P ?J4-P ?.s.':_:.o 
mg/1 mg/1 mg/1 ;ng/1 mg/1 mg , :. -:ig/1 ---------
Surface 
17 May 0.00 0.04 1.63 1.67 0.59 0.10 0.30 :.6. 7C 
23 May 0.14 0.52 0.12 
31 May 0.00 0.12 1.61 l. 73 0,94 O.C3 0.31 :1.53 
7 June o.oo 0.08 1.09 1.17 0.99 0.12 J.36 9,7S 
14 June 0.00 0.11' 1.19 l. 30 1.67 0.12 0.31 :.0.83 
21 June 0.50 0.14 0.75 l. 39 0.70 0.15 0.49 8,69 
28 June 0.00 0.04 2.02 2, 06 0.39 0.15 0.46 :.3.73 
5 July 0.31 0.09 2.37 2.77 0.42 · o. 23 :.2. 0'1 
12 July 0.00 0.04 1.43 l. 47 0.45 o. 2..i D.55 6.13 
19 July o.oo 0. 06 1.90 1.96 0.92 o.g 0.15 ~4.0C 
26 July 0.32 0 .07 1.49 l. 88 0,91 O. ll :..7, 09 
2 Aug. 0.52 0.12 L 97 2 .51 0.42 O.C3 J.15 32 .53 
8 Aug. 0.21 0.17 1.62 2.00 0.88 
22 Aug. 0.34 0.14 L 56 2.04 0.77 O.C9 J.20 22 .. ,37 
5 Sept. 0.43 0.30 1.87 2 .60 1. 63 0. C; 52.J J 
26 Sept. 0.32 0.55 1.97 2.85 0.97 0.(3 :l.67 
Bbtto:n 
17 May 0.00 0.04 1,37 
1.41 0.46 0. C: ).20 2S.2C 
23 May 0.18 1.46 
J,11 
31 May 0.00 0.12 1.72 1.84 0.97 o.c:i 
'20 . .:.:L 
7 June 0.00 0.07 1.os 
;_. :.5 i.53 0 .13 '),61 S,:: 
14 June 0.17 0.11 1.23 l. 51 2.00 0.12 
),59 :..2.: 2 
21 June 0.38 · 0 .15 0.80 1.33 2.01 
0.2 ) J.56 ~.:: :. 
28 June 0.00 0.03 1, 72 l. 75 1.15 
. 0.1.: J.40 :..2. ~,: 
5 July 0.06 0.08 2 ,<'10 
2.54 0.63 0.1'.: :1 .19 - ... ..... 
·12·July 0.00 o·.04 1,40 
1. ,~4 0.39 0.2; ) .28 .; . : .; 
19 July 0.36 o.08 1,95 2.39 
0. 54 0.22 ).23 :_:,. ~5 
26 July 0.39 0.04 1.86 
2.29 0.39 O.C3 ).34 L3 . ..:4 
2 Aug. 0. 35. · 0.1 2 2.01 
2 ,LB 0 ,63 0. c-: J.43 3 5 . .:3 
8 Aug. 0.20 0.10 3. 79 
4. 09 1.10 
22 Aug. 0.48 0,14 l. 50 
2. :.2 1.16 0 .1: J .31 
, 
0 '-• 
5 Sept. o. so 0 .31 l.92 2.73 1.1,1 0. 0:- 4. 0 
26 Sept. 0.38 0.58 l. 97 2. 93 
0.99 O. C: Q . 3 
• 
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Table 4.10. SU':rna ry of nutrient analysis a t Turl<.ey Is land Oxbo·,; Station -(JA-67) 
James River, 1972. 
Total Total Or tho Total :::P 
Date NHj-N N02 -N NOrN Inorg. tr Organic N POcP P0,1-P Ratio 
mg 1 mg71 mg 1 mg/1 mg/1 mg/1 mg/1 
Surface 
i7 !·!:iy 0.00 0.04 1.48 1.52 0.78 0.05 0.50 30.40 
23 !·!ay 0.00 0. 57 0.13 
31 :'lay 0.00 0.08 1.80 1.88 0.52 0.09 0.31 20.89 
7 June 0.00 0.04 0.76 O.BO 0.55 0.07 0.29 11.43 
14 June 0.00 o. 07 1. 02 1.09 1. 30 0.10 0.40 10.90 
·21 June 0.27 0.05 0. 51 O.B2 0.7B 0.12 6.B3 
28 June 0.00 0.03 2.28 2.31 0.78 0.10 23,10 
5 July 0.00 0.06 2.39 2.45 0.59 0.15 0 .64 16,33 
12 July 0.00 0.04 1.42 1.46 · 0. 74 0 .15 o. 78 9. 73 
19 July 0.18 0.04 2.67 2,89 0.7L1 0.28 10.32 
25 July 0.22 0.04 0.71 0.97 0.42 0.10 0.18 9,70 
2 Aug. 0.21 0.12 1. 92 2.25 0.57 0.12 0.24 18.75 
8 .Z\ug. 0.28 0.07 2.28 2,63 0.62 0.22 0.23 11.95 
22 Aug. 0.03 o. 06 2.25 2.34 0.61 0.23 10.17 
5 Sept. o. 52 0.09 1.07 1.68 0.67 0.05 28.00 
26 Sept. 0.20 0.41 1.53 2.14 0.88 0.04 53. 50 
Bottom 
17 May 0.08 0.04 1.47 .1. 59 0.20 0.06 0.31 25.50 
23 Mav 0.05 0,65 o.os 
31 1·l ay 0.00 0.10 L 94 2.03 0.90 0.12 0.70 15 .92 
7 June 0.00 0.04 0.79 0.83 0.85 0.09 0.21 9.22 
14 June 0.17 0.07 1.02 1. 25 1·.57 0.10 0.64 12.50 
21 June 0.21 0.05 0.61 0.67 
0.94 . 0.16 o.ss 4.19 
28 June 0.11 0.03 2.17 2.31 0.80 0.14 0.23 15. 50 
5 July 0.00 o. 05 2.36 2 •. 42 0.97 0.14 · 0 .81 17.28 
12 July 0.00 . 0 .04 1.35 1. 39 0.43 0.18 0.35 
7 ,72 . 
19 July 0.22 0.05 1. 99 2.27 0.62 0.16 14.19 
26 . July 0.22 0. 03 0.72 0. 97 o.ss 0.08 0.20 12 .13 
. 2 Au;. 0.21 0.-13 1.90 2.27 0. 81 O.G9 0.26 28 .37 
8 Aug. 0.34 0.06 1.80 2.20 0.53 
22 Aug. 0.08 0. 06 1. 71 1.85 ·l.28 0.12 0.33 15.42 
5 Sept. 0.25 0.09 1.01 1.35 0.94 0.07 
19.29 







































































Table 4 .11. Swm1ary of r.utrie:1t analysis at Dut::::h Gap Station - ( JA-73~ 
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Table 4.12. Mean monthly nutrient inputs to several estuaries of 
Chesapeake Bay in June-October, 19691, 'and at Dutch 
Gap (JA-73) in the present investigation. 
Mean Monthly Concentration 
Total Kj eldahl 
Nitrogen as N (~1 June July Aug. Sept. Oct. 
Susquehanna 0.75 0.75 0.42 0. 75 0.80 
Patuxent 2.45 1. 50 1. 25 1.40 1. 75 
~ 
Potomac 0.48 0.85 o. 70 1.07 0.90 
Rappahannock 0.57 0.80 0.55 0.63 0.60 
James ( 196 9) 0.40 1.10 0.69 0.80 0.38 
James ( 1972) 0. 6:J 0.66 0. 72 0.89 
Nitrate and Nitrite 
as N (mg/1) 
Susquehanna 0.38 0.45 1.10 0.60 0 .65 
Patuxent 1.82 2.60 1. 55 2.18 1.89 
Potomac 0.04 0.60 0.S8 0.37 0.41 
Rappahannock 0.60 0.43 0.32 0.21 0.22 
James (1969) 0.83 0.40 0.58 0.40 0.80 
James (1972) 1. 78 1.93 2.28 2.29 
Tota 1 Phosphorus 
as P04-P (mg/1) 
Susquehanna 0.12 0.12 0.15 0.09 0.13 
Patuxent 3.62 4.34 2.20 3.08 5 .60 
Potomac 0 .60 0.46 0.40 0.42 
Rappahannock 0.41 0.23 0.15 0.20 0.26 
James ( 1969) 0.10 0.40 0.24 0.15 0.14 
James ( 197 2) 0.38 0.46 0.40 ---------
lFrom Jaworski and Hetling (1970). 
! f l . / 
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Table 4 .13. Summary of adult zooplankton standing crop based upon 
meter net samples from selected stations in the James 
River, May through September, 1971. 
Species Weyanoke 
( JA53) 
Bosmina longirostris 1 
B. coregoni 
Da:ellnii 12_arvula 78 
Q_. ~mbigua 3 
Leptodora kindtii 967 
Diaph~no~oma branchyurum 45 
Moina brachia ta 37 
Diaptomus reiqhardi 75 
Euc~lops §_gili~ 67 
Cyclops vernalis 57 
Halicyclops fo ste~i 10 
Eurytemora ~ff_inis 6 




'I'ota 1 Cladocera 










( 5 spp.) 
Station 



























































Zco?lar.~to:1 spp . 
C l -3<:cc e!·a 
?0~~i~2 lo~gi~ostris 
f-.:. . r_;r):.i::'-?':!'O"li 
Table 4,14. Compariso:1 of food items in t he stomachs of three species of alosids •,:ith 
zooplankton abundance, both from the Hope,vell statio:1 (JA63) in mid-August, 
Jam,:;s River . 1971. 
~·:eter !~et 
374 u :.1es:1 
ZOOD l ar.kto:-1 Sr.-~::c!i '.'18' C!'C:> 
l CtJ qa 2.. f~--~~ S.:1:: •p !.c 











A le'.,,·:.! e ( lt.Y) 
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;,_ 1_;;::'?! 1,::: .. ~'2:_n:5rostris 
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C-3l2~Gid ~aup:i i 
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~=;-!.c~r.~ ~-: ·, --~ 1_ j_s 
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Fig. 4.1. Map of the tidal James River, Vir~inia, 
showing sampling stations for pr9ductivity 
and nutrient analyses in 1971 and 1972. , I §J 
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Figure 4.2. Daily record of freshv1ater discharge (.cfs) of the James River at Richmond 
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Figure 4.5. Chlorophyll 11a
1: concentrations at five stations in 
the James River, 1972, J 
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Figure 4.1. Monthly gro~1.th of blueback herring at stations JA40-80 
in the· James River in 1969 (from Burbidge, 1972). 
Vertical line is mean length, horizontal line is the 
range of lengths and hollow bars represent one standard 











. ,;j- (!) . 
::> 
f() z <( 
0 -. I-. (\J . () 
w . 
~ .. ...J \ 
....,... 
...J 




...J . '. LL \ q~"' 0) 0 ::> -:> 
\ 0 co ~ . \ w 
\ ,·~ w ) ·. f'- ~ ' " ·. 
·,. \~ \ . <.O 
~. "·"'' \ 
z 
IO ::> " . ' J • 0b li'L"' ,;j-
.. ~ 














w Cl; ...J Cl) CL 
~ (..) ...J - <( 
0 w >- (!) 
z ·::i ~w :r: <( w w~ 
>- ~ CL 0::: (..) I-WO 0 ::> :) 
3: CL :r: I- 0 
f2 0 o · 0 0 0 0 0 . <.O IO ¢ f() (\J 
{WW) Hl8N::11· >ltl O .-:l 
Figure 4.i. Growth of blueba ck herring a t five stations in the 
James River, 1972. 
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Job 6. Development of Culture Technique 
Alosid culture has been undertaken using a variety of 
incubation techniques, ranging from a static dish system to a 
flowing tray system. Progress toward the goal of rearing fishes 
through transformation and holding these juvenile fishes under 
laboratory conditions has been slight. Attempts to date have failed 
at the stage of yolk-sac adsorption. Results of our studies 
regarding possible methods for culture of alosids are presented 
in this report. 
Capture of Adult Fish 
Adult alosids were captured on the spawning ground by dip 
nets and experimental gill nets. Collection sites depended upon 
species desired, transit time from the field to the laboratory 
culture facility and accessibility by boat or shore. 
Greater success in capture of s_pawning females was achieved by 
sampling .on a flood tide or early ebb during periods of normal 
streamflow. Sampling after · a heavy rainfall or near low tide 
produced adequate numbers of fish but few· females taken had fertile 
eggs. Personnel remained at the sampling location until a ll egg 
transporting vessels had been utilized. 
Egg-taking operations 
·As fish.were taken from the stream, they were placed in 
five-gallon plastic containers filled with stream water until at 
least a pair in spawning condition was obtained. Typically, 
several free-flowing males were obtained before a single female in 
spawning condition was taken·. Spawning females are easily 
I' 
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distinguished from non-spawning females by the ease with which 
eggs flow from the genital pore. Fertile eggs have a translucent, 
pale yellow color in contrast to the slightly opaque, darker yellow 
color of immature ova. 
Alosid eggs were placed in a variety_of containers including 
fingerbowls, preparation or storage bowls, gallon jars and 10 and 
20 quart plastic dish pans.which had been rinsed with stream water. 
The sides of each female were wiped clean and the eggs were 
stripped directly into the dampened vessel. Stripping was accom-
plished in a manner similar to that used in salmonid and striped 
bass culture. The eggs were left in a clump and milt from the 
male was extruded onto the eggs. Eggs and sperm were then mixed 
by hand in the bowl, spread ovP.r the bottom and enough fresh water 
from the stream was added to cover the eggs. The excess water 
was poured off after allowing 2-3 minutes for fertilization. The 
bowl was filled again, swirled to remove the excess sperm and this 
water poured off. Then the bowl was filled a second time with 
fresh water and set in the sha.de for the eggs to water harden. 
This operation was repeated for each female until all vessels 
were filled. The water was changed again just prior to leaving 
the site of collection, and the eggs were transported to the labora-
tory for incubation and rearing studies. 
Laboratory Incubation and Hatchinq 
All methods of incubation have produced comparable hatching 
success for alosids. A summary of incubation and hatching data is 




and va·riation between experiments is attributed to the ripeness of 
the ·eggs when stripped in the field. 
Manual removal of dead eggs did not increase hatching success 
in our experiments. Manpower required to remove all dead eggs from 
the incubation vessels is' considerable sirtce over 50,000 ~ggs were 
incubated in each experiment. Fertile eggs from two different 
femaleswere placed in storage bowls for incubation. One grou~ 
·had the . dead eggs removed daily, the other did not. Large bo · e 
pipettes with suction bulbs were used to remove the dead eggs. 
An average of two man-hours per day was required to remove all 
dead embryos in a bowl of 10-15,000 embryos having approximately 
15% mortality. Alosid eggs are slightly adhesive and are usually 
in clumps in the incubation vessel. Mechanical shock to the 
embryos in the same or.adjacent clumps is considerable, and this 
shock may cause additional mortality. Therefore, removal of dead 
eggs ~as discontinued. 
Fungus (Saprolegnia sp.) was not believed to be a significant 
cause of embryo mortality. The addition of Wardley 1s Fungus Remedy 
in the prescribed amounts or malachite green (0.05 - 0.1 ppm) to the 
incubation .water effectively curtailed fungus growth in both 
alewife and blueback incubation experiments. 
A l?rge incubation and hatching system capable of handling 
several hundred thousand eggs was.set up in the VIMS culture 
·facility. The unit has 12 trays arranged in three tiers of four 
each. The individual trays measure 30 11 x 18 11 x 611 , have l" pine 
sides with 3/8 11 plywood bottoms and have the corner and bottom 
......_;_~~~========--"""'"'-------------·---"''·"""•• .. .. ... ...  .. 
seams coated with epoxy sealant. A 1/2-inch diameter hole was 
drilled int~ each end of the tray and fitted with a piece of 
plastic tubing for an input and drain port. Water flow pattern 
within the apparatus and general design of a tray is shown in 
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Figure 6.1. Wood strips were attached to the bottom to deflect 
water and assure adequate circulation throughout the tray. Plankton 
netting served as the surface on which the eggs were placed for 
incubation. Water flow to each tray was regulated by adjustable 
clamps on the input tube. The drain consisted of a plastic 
funnel covered with fine mesh plankton netting and was attached 
to the drain port·. ·water level during incubation was adjusted 
to approximately 25 mm abov e the netting. With this arrangement 
·so,ooo eggs may be incubated per tray: 
Rearing of l\losid Larvae 
Larvae were separated from dead eggs and egg shell r e~ains 
by decanting. Larvae were placed in storage dishes, gallon jars 
and aquaria with aerated fresh water. Samples of larvae were 
preserved daily to provide a reference collection _ and to describe 
development after hatching. 
The ·mouth does not become functional in alewife and blueback 
larvae until two days after hatching. Between hatching and develop-
ment qf the mouth, the larvae utilize yolk materials and the yolk 
is reduced to approximately 1/3 of its original volume. While in 
this developrnenta 1 phase larvae swim toward the surface then pause 
and sink. The typical distance involved in this swimming-sinking 
K--,r··tt'tt · .,..,·n ·e: ·11: 
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behavior is approximately 10-14 cm. The larvae follow this pattern 
for 2-3 minutes and then sink to the bottom for several minutes 
after which the swimming pattern is resumed. 
Within four to five days, depending upon temperature, the 
larvae had used their yolk reserves. By the third day after hatching, 
larvae remained in the water column and swam without the pronounced 
vertical pattern. Brief periods of inactivity followed swimming 
activities. Following yolk sac absorption, the larvae swam even 
longer periods before resting. With reserves depleted, swimming 
eventually became more erratic and bursts of swimming were of shorter 
duration. Massive mortalities occurred within three days after 
yolk absorption. These deaths are attributed to starvation since 
examination of the fish indicated that no food had been ingested. 
The culture of alosids is highly dependent upon offering an 
acceptable first food to the larvae between the . first and second 
day after hatching. To date we have been unable to get the larvae 
to accept food and all rearing attempts have failed at this point. 
Foods offered to alosid larvae in our studies are summarized in 
Table 6.2. 
The effect of water circulation or flow characteristics upon 
larval feeding and behavior was · studied in jars, aquaria and trays. 
As sta.ted above, the behavior of larvae· in a static system was one 
of vertical swimming and sinking alternating with a rest period. 
The hypothesis was that larvae would orient to water current and 
ingest food in normal mouth movements. The experimental approaches 




A. 'Iwo or three day old larvae in gallon jars with a single 
airstone. The airstone was placed in the center of the 
jar and air passage was sufficient to create a gentle 
current throughout the jar. Larvae within the jar were 
unable to overcome the current and were observed drifting 
with it. The larvae y.,ould continue to drift for approximately 
one minute when the ail' flow was stopped and then assume 
the behavior described for a static system. It was 
felt that larvae might orient to current in a less con-
fining system. 
B. 'Iwo or three day old larvae in 20-gallon aquaria. 
1. Without circulation larval behavior was the same as 
described in smaller static systems. 
2. With airstone-generated circulation larvae in the area 
of upwelling were passive to the current. In areas 
removed from direct uplift some larvae would swim in 
all directions and some would exhibit the static 
system behavior. Therefore either fish did not orient 
to water currents or currents were too variable 
within the aquarium to allow a conclusion. 
. 3. With airstone upwelling and directional flow established 
by a system of baffles and deflectors. In this 
situation larvae would ride the current but did not 
orient into it. Rather they were circulated with 
the water -but did tend to swim vertically and hori-
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larvae seen swimming against the current in this 
system. 
c. Larvae in a hatching tray (Fig. 6.1) with horizontal 
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flow and reduced vertical mixing. When larvae were placed 
in the tray they again swam laterally and "downstream". 
After ten to fifteen minutes in the system a dip sample 
with a four-ounce jar was taken to determine the spacial 
distribution of larvae in the tray relative to current. 
Larvae were heavily aggregated at the drain end (downstream). 
Samples from the sides of the tray contained more larvae 
than did those from the upstream end or the middle of 
the tray (areas of highest current). 'Ihe densities along 
the edges of the tray are assumed to be the product of 
eddy currents. Therefore it was concluded that the larvae 
move rather passively in th.e direction of the current. 
From these studies it is concluded that Alosa spp. larvae are 
passive with respect to water currents though they may move (dis-
perse) laterally and vertically within the water mass. In our 
laboratory studies a gentle circulation of water would seem to 
facilitate rearing and a circular pattern would be preferred to 
prevent clumping or settling ?f fry. First food would appear to 
be taken selectively in that we have been unable to demonstrate 
feeding of larvae in the laboratory and behavior relative to water 
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Holding juvenile alosids in the laboratory 
It is our objective to rear alosids from the egg through 
juvenile stages and thus produce a group of experimental fish for 
whom the conditions experienced during growth are known. We 
have developed a routine method for securing juveniles from the 
wild stock and holding them in the laboratory. The following pro-
cedure was successfully used . by a graduate student in his study 
of alewife energetics. 
A 100 foot, untarred beach seine with a bag is set 
perpendicular to the shore and hauled in an arq back to the beach 
in an area where alosids are expected to occur. When the net is 
beached the bag is left in the water and folded back to form a 
pocket. The size of the pocket is· such that the fish can 
continue to swim freely without striking the net. Fish are removed 
from the net with a scoop and pJ.aced into 30-gallon plastic con-
tainers . . Salinity at the site is determined with an induction 
salinometer and if less than 4 pp~ then filtered seawater transported 
from VIMS is added to the container to produce between 4 and 5 ppt 
salinity. Care is taken to avoid abrasion against the net or 
. . 
exposure of the fish to the air when the fish are placed in the 
cans. The fish tend to remain_. more calm in the saline water 
than ·in fresh water and do not go into a shock posture (Chittenden, 
personal communication). If the water temperature is near 80° F 
at the collection site or if over 50 fish are placed in a container, 
then aeration is applied to each··container during transportation 
back to the lab. 
I' 
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In the laboratory the fish are left in the containers and a 
water filter . is positioned in each can. Wardleyrs ·Fungus Remedy is 
added in the prescribed dosage to prevent fungus infection on 
injured areas. The fish are held in this manner for two days 
before transfer to aquaria . The holding period serves two functions: 
first, initial mortality due to injury or stress occurs before fish 
are placed in the aquaria and secondly the fish become accustomed 
to swimming in circles . . Alosids will swim wildly and bump into the 
walls and corners of aquaria upon first intr:oduction into the tank 
(Chittenden, personal communication). We have f.ound that after two 
days in the containers the fish do not injure themselves by 
swimming into the sides or corners of the aquaria. 
Individual fish are transferred to the aerated aquaria in 
500 ml beakers to avoid injury in handling. Water temperatures are 
matched between the can and aquarium to within 1°c and salinity is 
maintained at 4 ppt. Once in the aquarium the fish are allowed a 
day to adjust to their confinement bef9re ·feeding. Thereafter 
brine shrimp nauplii are fed daily at a density adequate to cloud 
the water. Each evening the filters are engaged to remove dead 
brine shrimp and wastes. Alosids have fed actively on the brine 
shrimp and are constantly swimming in the tank. We have successfully 








Table 6.1. Summary of incubation and hatching experiments with alosid fishes. 
Date Species 
20 April Alewife x 
- alewife 
29 April Alewife x 
alewife 
9 May Alewife x 
alewife 































Incubated in storage bowls with 8 hr 
water changes, used aerated creek 
water. Collection site - Herring 
Creek, James River. 
Incubated in fingerbowls and 10-quart 
plastic dish. pans. Aeration applied 
with daily water change. Collection 
site - Dogue Creek, Potomac River. 
Incubated in storage bowls with 8 hr 
water change. Collection site -
Pneumonsend Creek, Rappahannock 
River. 
Incubated in storage bowls with 8 hr 
water change. Collection site 
Pneumonsend Creek, Rappahannock River. 
Mass mortality at epiboly (18-20 hrs), 
prehatching (45 hrs), and e~ergence 
( 5 5 - 6 0 hrs) . 
Incubated in storage bowls with 8 hr 
water change. Collection site -
Massaponax Creek, Rappahannock River. 
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Table 6.1. (Continued) 
Date 
14 May 







. ( OF) 
Alewife? x 72 
Blueback c! 
Blueback x 74 
blueback 

















Incubated in storage bowls with 8 hr 
water change. Collection site -
Massaponax Creek, Rappahannock River. 
Incubated in plastic dish pans with 
8 hr water change. Collection s ite -
Blackwat.er River, near Franklin, Va. 
Incubation in storage bowls, aquaria, 
flowing system. Water changed at 
8 hr intervals· in bowls, not changed 
in aquaria or flowing systen (see 
text). 
Diascund · Creek, James River - collec-
tion site. Set up in various 
incubation systems but had total 
mortality within 36 hrs. 






Table 6.2. Summary of foods offered to Alosa spp. larvae in 
laboratory rearing experiments. 
Source 
Seeded culture on oabneal 
Concentrated natural 
plankton 
Seeded natural plankton 
grown in aquaria after' 
fertilized on fishfood 
substrate 




Rotifers, ciliates, flagellates. 
Rotifers, copepod nauplii, 
cladocera nauplii, 
phytoplankton. 
Rotifers, ciliates, flagellates, 
phytoplankton. 
Liver homogenized in blender and 
mixed with screened mash, 
added to fish tank after 
pressing through potato 
ricer. 
Prepared dry flakes, powdered 
thr·ough fine mesh plankton 
netting. 















Figure 5 .1. Schematic diagram of a hatching tray and the water 
circulation system used in hatching alos ids in the 
labora tory at VIMS. 
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